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SECTION I. — NON-METALS. 

INTRODUCTORY SUBJECTS. 

1. What is meant (a) by chemical action, (6) by 
physical change? 

2. Give some familiar examples of chemical action 
and physical change. 

3. Explain the terms chemical combination and chemical 
decomposition. Give examples. 

4. Matter is said to be indestructible. Explain this 
statement, and describe an experiment in support of it. 

5. The following substances are heated to redness in 
air — (a) platinum, {b) magnesium, (c) mercuric oxide. 
What occurs in each case? 

B 2 
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4 QUESTIONS ON CHEMISTRY, 

6. Some finely divided copper is placed in an open 
crucible and its weight ascertained. It is then heated to 
redness, allowed to cool, and when re- weighed is found 
to have gained in weight. How is this accounted for ? 

7. Name the elements contained in an ordinary candle, 
and explain fully the chemical changes which occur when 
it burns in air. 

8. When the products from the burning of a candle 
are collected and weighed, do they weigh more or less 
than the original candle? What is the cause of the 
difference in weight? 

9. What is the difference between elements and com- 
pounds ? Give six examples of each. 

10. Into what two classes are elements divided, and 
how many are in each class ?. 

11. Make a sketch of a chemical balance and explain 
its construction. Who first introduced the use of the 
balance in chemical investigations ? 

12. How would you endeavour to ascertain whether a 
certain substance was an element or a compound ? 

13. Name the most abundant elements (a) in the earth, 
(jb) in the air. 

14. What is meant by each of the following terms— 
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INTRODUCTOR Y SUBJECTS. 5 

(a) chemical test, (b) analysis, (c) synthesis ? Give ex- 
amples of each. 

15. Distinguish the elements from the compounds in 
the following list of substances : — sand, sugar, ozone, 
phosphorus, glass, water, lime, chlorine, chalk, nitre, 
diamond, mercury, common salt, silver and potassium 
chlorate. 

16. Name the non-metallic elements, and state which 
are most abundant in nature. 

17. Each element has a certain symbol, combining 
weight, and density. Explain these terms. 

18. What is the weight in grammes of a litre of 
hydrogen at the normal temperature and pressure ? (i.e. 
at a temperature of o° C. and under a pressure of 760 
millimetres of mercury = N.T.P.).* Why is it important 
to remember this weight and what name has been given 
to it? 

19. Give the weight in grammes at N.T.P. of a litre 
of each of the following gases—oxygen, chlorine, nitro- 
gen, carbon dioxide and hydrochloric acid. 

1 It is convenient to indicate these conditions by a shorter expression. 
Here and elsewhere in the book " normal temperature and pressure " is 
contracted thus, N.T.P. 



Digitized by 



6 QUESTIONS ON CHEMISTRY. 

20. A certain volume of oxygen weighs 1 gramme. 
Find the weights at the same temperature and pressure 
of the same volume of carbon dioxide, nitrogen, chlorine, 
ammonia, and hydrochloric acid. 

21. How are the French measures of weight and 
capacity derived from the measures of length ? 

22. How many grains are in a gramme, how many 
inches in a metre, and how many cubic centimetres in a 
litre ? 

23. Find the dimensions of a room in metres which is 
24 feet long by 15 broad and 13 high. 

24. A sample of water contains 2*23 grammes of solid 
matter in a litre. How many grains per gallon does this 
correspond to ? 

25. State shortly the laws enunciated by Dalton and 
by Gay Lussac on the subject of chemical combination. 

26. Chemical combination is said to take place in 
certain definite proportions. Explain this and give an 
example. 

27. One hundred pounds of copper are heated with the 
same weight of sulphur till combination takes place. 
Which element would be found in excess after the re- 
action, and how much of it ? 
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28. 63*5 grammes of copper, 207 grammes of lead, and 
24 grammes of magnesium are separately heated in air 
till they cease to gain in weight How many grammes 
will each gain ? 

29. A solution contains 1 59*5 grammes copper Sulphate. 
How much iron is required to precipitate all the copper, 
and what weight of ferrous sulphate is formed ? 

30. In what proportions (a) by weight, {b) by volume, 
do oxygen and hydrogen unite together? Answer the 
question also for hydrogen and chlorine. 

31. Find the volumes at N.T.P. of 1 gramme hydrogen, 
16 grammes oxygen, 14 grammes nitrogen, 35*5 grammes 
chlorine, 80 grammes bromine vapour, 9 grammes water 
vapour, 18*25 grammes hydrochloric acid, and 22 grammes 
carbon dioxide. 

32. Name the elements represented by the following 
symbols :— C, CI, Cu, Ca, Cd, Co, S, Si, Sr, Mg, Mn, K, 
Ag, Hg, Sb, Pb, and Na. 

33. Express the following equations in words : — 

H + CI - HC1. 
H 2 + O - H 2 0. 
Cu + S = CuS. 
P* +0 5 = P.O* 
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8 QUESTIONS ON CHEMISTRY. 

34. Give the combining weight of each element, and 
the molecular weight of each compound mentioned in 
the previous question. 

35. Find the molecular weights of the compounds 
represented by the following formulae : — CuS0 4 , HN0 3 , 
H 2 S0 4 , AgN0 3 , NH 4 C1, Pb(NOa) 2 , NaaHPO* CaCO* 
(NH 4 ) a S0 4 and Cr 2 Ka(S0 4 ) 4 + 24H 2 0. 

36. Give the formulae for hydrochloric acid and for the 
chlorides of, 

Sodium, potassium, and silver (monads) ; 
Calcium, zinc, lead, and barium (dyads) \ and for 
Gold and boron (triads). 

37. Give the formulae for nitric and sulphuric acids, and 
for the nitrates and sulphates of potassium, silver, calcium, 
and lead. 
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MONADS. 

HYDROGEN. 

38. How is hydrogen found in the free state in nature ? 
How does it occur in combination ? 

39. How long has hydrogen been known ? Who first 
obtained it pure and described its properties ? 

40. Give three distinct reactions by means of which 
hydrogen may be obtained from water. Give equations 
for each reaction. 

41. How is hydrogen usually prepared, and what im- 
purities may it contain when prepared by this method ? 

42. What occurs when zinc is heated with a strong 
solution of caustic potash or soda ? Give an equation. 

43. How could you obtain hydrogen from (a) hydro- 
chloric acid gas, (6) ammonia gas, (c) marsh gas ? 

44. Name any four metals which if dropped into hydro- 
chloric or sulphuric acids decompose these acids with 
evolution of hydrogen. Give equations. 
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io QUESTIONS ON CHEMISTRY. 

45. Equal weights of potassium, lithium, and sodium, 
are placed in contact with water, and the hydrogen pro- 
duced by each reaction is collected separately. Which 
metal will yield the greatest volume, and why ? 

46. What weight of hydrogen should be evolved by 
throwing 11*5 grammes of sodium on water, and what 
volume should it occupy at N.T.P. ? 

47. How much zinc must be dissolved in acid so as to 
yield exactly one litre of hydrogen at N.T.P. ? 

48. Two hundred and fifty c.c. of hydrogen were ob- 
tained by dissolving iron in hydrochloric acid. How 
much of the metal was used? 

49. A gas-holder has the capacity of 1 cubic metre. 
Find the weight of zinc and sulphuric acid which must 
be used to fill it with hydrogen measured at N.T.P. ? 

50. One hundred and twentry-three grammes of mag- 
netic iron oxide remained in a tube in which iron had 
been heated in a current of steam. How much hydrogen 
was obtained, and what weight of iron oxidized ? 

51. Two hundred and seventy-six grammes of potas- 
sium are thrown on water. Give the volume of gas. 
liberated and the weight of potash formed. 

52. What are the chief properties of hydrogen ? 
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MONADS— HYDROGEN. II 

Describe experiments which show its lightness and rapid 
diffusion. 

53. Sketch the apparatus you would use to demonstrate 
that hydrogen may be syphoned. 

54. A burning jet of hydrogen is placed successively in 
air, in oxygen, in hydrogen, and in chlorine. State 
exactly what occurs in each case. 

55. By what methods have Pictet and Cailletet liquefied 
hydrogen ? Give a short account of previous unsuccess- 
ful attempts to effect this result 

56. The captive balloon at Paris in 1878 was 36 metres 
in diameter and spherical. What volume of gas at 
N.T.P. is required to fill it ? What weight of hydrogen 
would be required ? 

57. What impurities are generally found in hydrogen 
prepared by the action of acids on zinc, and how may 
they be completely removed ? 

58. What impurity is always present in hydrogen which 
has been dried by passing the gas over strong sulphuric 
acid ? Explain its presence. 

59. If you were provided with magnesium, sulphuric 
acid, water, and a graduated cylinder, how could you 
ascertain the combining weight of hydrogen ? 
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HYDROGENIUM (ALLOTROPIC HYDROGEN). 

60. Give a short account of the substance called by 
Graham " hydrogenium," and state how it is prepared. 

61. Explain the terms "occlusion," "diffusion," "effu- 
sion," and "transpiration" of gases. Give examples 
of each. 

62. How has the density of hydrogenium been ascer- 
tained ? In what respects does hydrogenium resemble a 
metal ? 

63. Contrast the chemical properties of hydrogen with 
those of hydrogenium. 

64. Give an example of a reaction in which hydrogen 
acts like a metal. What property, characteristic of metals 
and their compounds, is possessed by hydrogenium ? 

CHLORINE. 

65. By whom and in what year was chlorine gas dis- 
covered? By whom and when was it shown to be an 
element ? 

66. Name several commonly -occurring compounds 
which contain chlorine. 



Digitized by 



MONADS—CHLORINE. 13 

67. Give three distinct methods for obtaining chlorine 
from hydrochloric acid. 

68. What is the action of hydrochloric acid on sodium 
hypochlorite, on potassium chlorate, and on nitric acid ? 

69. One hundred grammes of manganese dioxide are 
treated with excess of hydrochloric acid. How much 
chlorine is evolved? If treated with the proper quan- 
tities of sodium chloride and sulphuric acid how much 
more would be obtained? 

70. Seven litres of hydrochloric acid gas at N.T.P. are 
passed over heated manganese dioxide. Give the weight 
and volume of chlorine produced. 

71. How much chlorine gas should be obtained by 
heating with excess of hydrochloric acid, 129 grammes 
of pyrolusite containing 47 per cent, of impurities ? 

72. What occurs when an electric current is passed 
through a strong solution of hydrochloric acid ? Describe 
exactly how the experiment should be made. 

73. By the electrolysis of a certain quantity of hydro- 
chloric acid, 224 c.c. of chlorine at N.T.P. were obtained. 
Find the weight and volume of hydrogen obtained at the 
same time and the weight of acid decomposed. 

74. How is chlorine prepared (a) by Deacon's process, 



Digitized by 



14 QUESTIONS ON CHEMISTRY. 

(b) by Weld on' s process ? Discuss the advantages of each 
method. 

75. One hundred c.c. of manganese liquor contain 27*3 
grammes manganese chloride. H ow much chlorine should 
be obtained from 1,000,000 gallons of such liquor, treated 
by Weldon's process ? 

76. Thirteen cwts. of common salt containing 27 per 
cent, impurity are decomposed by sulphuric acid, and the 
evolved gas is treated by Deacon' s process. How much 
chlorine should be obtained ? 

77. What impurities are likely to be contained in 
chlorine gas as ordinarily prepared, and how may they 
be removed ? 

78. At what temperature would a litre of chlorine weigh 
the same as a litre of hydrogen ? 

79. Name any chlorides which evolve chlorine on heat- 
ing. Give equations. 

80. If chlorine be passed into ice-cold water, what 
occurs ? What happens when the dried product is gently 
heated in a sealed tube ? 

81. Describe some experiments to show the tendency 
of chlorine to unite with other elements. Name the metal- 
loids with which it does not directly combine. 
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82. Chlorine unites readily with free hydrogen. How 
may this be shown experimentally ? 

83. Describe several experiments which show the union 
of chlorine with combined hydrogen. 

84. State fully what occurs when a lighted taper is 
placed in chlorine gas. 

85. What occurs when the following bodies are sepa- 
rately brought in contact with chlorine gas ? (a) phos- 
phorus, (b) turpentine, (c) indigo, (ti) antimony, (e) olefiant 
gas, (/) mercury. 

86. How does chlorine act as a bleaching agent ? Ex- 
plain why the presence of water is necessary. 

87. How does freshly prepared chlorine water differ 
from the same substance after exposure to light ? 

88. What occurs when a mixture of chlorine and steam 
is passed through a red-hot porcelain tube ? 

89. Fourteen grammes of iron are dissolved in hydro- 
chloric acid. How much hydrogen (at N.T.P.) is evolved, 
and what volume of chlorine is needed to convert the 
ferrous into ferric chloride ? 

90. Give several examples of chlorine acting as an 
oxidizing agent. 

.91. What occurs when perfectly dry chlorine is passed 
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over (a) fused sodium, (6) heated quicklime, (c) slaked 
lime, (d) heated diamond ? 

92. How could you obtain chlorine from common salt 
without using manganese dioxide ? 



BROMINE. 

93. By whom and when was bromine discovered? 
Name the naturally occurring compounds which contain it. 

94. What is kelp, and how is bromine obtained from it ? 

95. How may* the presence of bromine in a mineral 
water be detected ? 

96. What occurs when bromine is added to (a) ether, 
{b) potash, (c) antimony ? 

97. Chlorine water is dropped into solution of potassium 
bromide, and bromine water is dropped into solution of 
potassium iodide. What occurs in each case ? 

98. Give two distinct methods for the preparation of 
bromine from potassium bromide. 

99. A sample of sea-water contained 0*36 parts magne- 
sium bromide in 1,000. How much of it would be re- 
quired to yield one litre of bromine ? S. G. « 3*187. 
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100. Contrast the properties of chlorine with those of 
bromine and point out the differences between them. 

1 01. How may bromine be made to combine with (a) 
free hydrogen, (d) hydrogen in compounds ? 

102. What occurs when bromine water is treated (a) 
with sulphuretted hydrogen, (b) with sulphurous acid ? 

103. A piece of antimony was completely converted 
into tribromide by the absorption of 187 cc. bromine 
vapour at N.T.P. Find the weight of the antimony. 

IODINE. 

104. Give a short account of the history and oc- 
currence of iodine. 

105. How is kelp prepared, and by what other names 
is it known? Name all the products which are prac- 
tically obtained from it. 

106. A sample of water contains four parts calcium 
iodide in 1,000,000. What volume of chlorine at N/T.P. 
would exactly liberate the iodine from a kilogramme 
of the water? 

107. Describe fully the preparation of iodine from 
kelp and state how the crude product is purified. 

c 
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108. What is the weight of one litre of iodine vapour at 
N.T.P. ? Give the volume of hydrogen and of air which 
would weigh the same as the iodine. 

109. How much sulphuric acid and manganese dioxide 
would be needed to liberate all the iodine from 379 
grammes of potassium iodide? 

1 10. Four thousand three hundred and twenty-one c.c. 
of chlorine at N.T.P. were required to liberate all the 
iodine from a solution of potassium iodide. How much 
of this salt was present ? 

in. How is iodine tested for when in the free state ? 
How is it detected when in combination ? 

112. Name the impurities usually present in commercial 
iodine and state how it may be obtained chemically pure. 

113. To an aqueous solution of potassium iodide and 
starch, chlorine water is added drop by drop. What 
occurs ? On adding excess of chlorine water what takes 
place ? Explain both reactions. 

1 14. Chlorine, bromine, and iodine are separately added 
to solutions of (a) potassium iodide, (6) potassium bromide 
(c) potassium chloride. What occurs in each case ? 

115. 0*5205 gramme of an oxide of manganese was 
treated with hydrochloric acid and the evolved chlorine 
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was led into solution of potassium iodide. The liberated 
iodine required 165 '4 c.c. of a standard solution of sodium 
thiosulphate, of which 1 c.c. was equal to 0*005 gramme 
iodine. Find percentage of manganese dioxide in the 
oxide. 

116. One hundred and nineteen grammes of iodine are 
suspended in water. What volume of chlorine at N.T.P. 
will be required to convert all the iodine into iodic acid ? 

1 17. Seventy-three c.c. of a solution of iodine (contain- 
ing 127 grammes per litre) were added to a mixture of 
sulphuretted hydrogen and starch before a permanent blue 
coloration was obtained. Find the amount of sulphuretted 
hydrogen present. 

FLUORINE. 

1 18. Give the names and formulae of the chief minerals 
containing fluorine, and name substances in which it is 
always found in minute quantity. 

119. Describe the various attempts which have been 
made to isolate fluorine. 

120. What is the action of fluorine on (a) hydrogen, (b) 
water, (c) platinum, (d) silica ? 

c 2 
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121. Find the percentage of fluorine in fluor spar and 
cryolite. 

122. How may the presence of fluorine in a compound 
be ascertained ? 

123. Give the formulae of the fluorides of (a) hydrogen, 
(p) silver, (c) silicon, (d) boron, (e) calcium, (/) potassium 

124. Berzelius found that when 100 parts of calcium 
fluoride were heated with sulphuric acid till completely 
decomposed, 175 parts calcium sulphate were obtained. 
Calculate the atomic weight of fluorine from these data. 
Later experiments gave 174*5 parts calcium sulphate. 
Calculate the atomic weight from this result. 

125. 3*2617 grammes of calcium fluoride when treated 
with strong sulphuric acid, yielded 5*6867 grammes of 
calcium sulphate. From these data calculate the atomic 
weight of fluorine. 
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DYADS. 

OXYGEN. 

126. How does oxygen occur in the free state and in 
the combined state in nature ? 

127. What proportion of (a) air, (6) water, (c) the 
earth's crust, consists of oxygen ? 

128. By whom was oxygen discovered, and in what 
year ? Who discovered it independently, and when ? 

129. What name was given to oxygen by its dis- 
coverer? Who proposed the name oxygen, and for 
what reasons ? 

130. From what substance was oxygen first prepared ? 
Describe the form of apparatus originally used, and 
state how the experiment would be made now. 

131. Express by equations the reactions which occur 
when (a) potassium chlorate, (b) mercuric oxide, (c) 
manganese dioxide, are strongly heated. 

132. Why is manganese dioxide generally mixed with 
potassium chlorate for the preparation 'of oxygen ? 
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133. What impurity is always present in oxygen pre- 
pared by heating a mixture of potassium chlorate 
and manganese dioxide ? How may this impurity be 
removed ? 

134. Name six oxides which when simply heated lose 
oxygen. Express each reaction by an equation. 

. 135. How may oxygen be obtained from each of the 
following bodies ?— (a) water, (b) sulphuric acid, (c) 
potassium bichromate, (tf) bleaching powder. 

136. How may oxygen be obtained from potassium 
manganate and from potassium permanganate? 

137. Describe fully any process for obtaining oxygen 
from the air, 

138. What processes have been proposed for ob- 
taining continuous supplies of oxygen from the 
air? 

139. How may oxygen be obtained from (a) lime, (b) 
ferric oxide, (c) silica, (d) nitric acid ? 

140. Give two distinct methods for the preparation of 
oxygen from water, and sketch the apparatus necessary 
for each. 

141. Find the. percentage of oxygen contained in each 
of the following substances :— (a) water, (b) potassium 
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chlorate, (c) manganese dioxide, (d) sulphuric acid, (e) 
mercuric oxide, (/) barium dioxide. 

142. How much oxygen should be obtained from 
100 lbs. of each of the above substances when used as 
sources of oxygen? 

143. How much mercuric oxide must be heated to 
yield one litre of oxygen at N.T.P. ? 

144. Equal weights of manganese dioxide are heated 
(a) alone, (b) with sulphuric acid. Which process yields 
the greater amount of oxygen ? 

145. Exactly 100 litres of oxygen at N.T.P. were ob- 
tained by heating potassium chlorate. How much of 
this salt was used ? 

146. Some pure manganese dioxide lost when 
strongly heated 137 grammes. Find the weight of the 
residue and the volume (at N.T.P.) of oxygen evolved. 

147. A quantity of mercury was heated in air for 
several days, and gained in weight 13*4 grammes. Find 
the volume of oxygen at N.T.P. removed from the air. 

148. Four hundred and seventy-nine grammes of 
potassium chloride remained after heating some potas- 
sium chlorate. Find the weight of the latter salt used. 

149. A glass flask filled with air at N.T.P. weighs 53 
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grammes. What capacity must it have so that when 
filled with oxygen at I4°JC. and 753 m.m. pressure, h 
shall weigh 53*47 grammes ? 

150. What are the most important properties of 
oxygen ? How is it distinguished from other gases ? 

151. How did Pictet obtain the gas in the liquid state 
and ascertain its density ? 

152. The following bodies are separately burned in 
oxygen, (a) hydrogen, (b) sulphur, (c) charcoal, {d) iron ? 
(e) phosphorus, (/) magnesium. Give the name of the 
oxide formed in each case, and express all the reac- 
tions by equations. 

153. Explain the terms "combustion," "oxidation," 
" reduction," and a deoxidation. w 

154. Sulphur is burnt in ajar of air, and also in ajar 
of oxygen. Name the gases present in each jar after 
the combustion, and state the action of water on each. 

155. Why was the name oxygen given to the gas, and 
why is it inappropriate? To what element would the 
name more suitably apply ? 

156. What chemical changes occur when a candle 
burns in oxygen? How may each of the products be 
recognised ? 
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1 57. At the bottom of a glass flask some sand is placed 
and on the top of it a fragment of phosphorus. The flask 
is then filled with dry oxygen, closed air-tight, and the 
whole weighed. The flask is then warmed until the 
phosphorus kindles, and when quite cold re-weighed. 
The stopper is removed for an instant and a third 
weighing made. How will the three weighings differ ? 

158. If air were used instead of oxygen in the pre- 
vious question, what difference would be noticed in 
the weighings? 

159. By burning a candle in oxygen 13*21 grammes 
carbon dioxide and 5*58 grammes water were produced. 
What loss in weight did the candle suffer, and what 
volume of oxygen at N.T.P. was required for the com- 
bustion ? 

160. What weight of oxygen is contained in a room 
measuring 23 feet long, 17 broad, and 13 high? With 
how much phosphorus would this quantity of oxygen 
combine ? 
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OZONE (ALLOTROPIC OXYGEN). 

1 6 1. What is meant by the term allotropism ? Give 
examples of elements which occur in allotropic forms. 

162. Give a short account of the history of ozone, 
and state how it was first prepared. 

163. How does ozone occur in nature ? How is its 
presence usually detected ? 

164. Describe six distinct methods by which ozone 
may be prepared. 

165. Name all the gases which liberate iodine from 
potassium iodide. 

166. How may oxygen be converted into ozone, and 
vice versa t 

167. Can a given volume of oxygen be entirely con- 
verted into ozone, and if so, by what method ? 

168. What change in bulk occurs when -oxygen is 
converted into ozone ? Describe the apparatus of 
Andrews and Tait for showing this. 

169. The formula of ozone is 3 . Describe fully the 
experiments of Andrews and of Soret in support of 
this formula. 
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170. What occurs when ozone is heated to 300 C. 
and when sand is shaken up in contact with the gas ? 

171. Sketch the apparatus used by Andrews to demon- 
strate the presence of ozone in air. 

172. Express by equations the action of ozone, and 
of chlorine, on potassium iodide. 

173. What occurs when a hot glass rod is placed in a 
mixture of ether vapour and air, and when turpentine 
is shaken up with air or oxygen ? 

174. To what causes has the presence of ozone in air 
been attributed ? 

175. Compare the properties of ozone with those of 
oxygen, and show how they differ from each other ? 

176. A flask contains a colourless gas, which is found 
to liberate iodine from potassium iodide. How could 
you ascertain with certainty whether or not this reaction 
is due to the presence of ozone ? 

177. What is the action of ozone on each of the follow- 
ing bodies ?— {a) mercury, (b) turpentine, (c) caoutchouc, 
{d) manganese dioxide, (e) lead sulphide, (/) barium di- 
oxide, (g) finely-divided silver, and (h) silver oxide. 

178. What is the density of ozone, and how has it been 
ascertained ? 
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TRIAD. 

BORON. 

179. Name the most important compounds of boron 
which are found native. 

180. How was boron first isolated by Gay-Lussac 
and Thenard, and by Davy ? 

181. How may crystallized boron be obtained? By 
whom was it first prepared ? 

182. Compare the properties of the allotropic modifi- 
cations of boron. 

183. Express by equations the reactions which occur 
when potassium is heated (a) with boron trioxide, (6) with 
potassium borofluoride. 

184. Amorphous boron is heated in (a) air, (6) oxygen, 
(c) nitrogen, (d) chlorine. What occurs in each case? 
Give the names and formulae of the products. 

185. What occurs when adamantine boron is strongly 
heated in air or oxygen ? What occurs when it is fused 
with soda or potash ? 
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186. One hundred and thirty-seven grammes of boric 
acid are heated until all the water is expelled. What 
weight of trioxide remains, and with how much potassium 
must it be heated in order to prepare boron ? 

187. Under what conditions is boron soluble in water? 
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TETRADS. 

CARBON. 

1 88. How does carbon occur in nature, (a) free, 
(p) combined? 

189. How are the three allotropic forms of carbon 
proved to consist of the same substance ? 

190. The Koh-i-noor diamond weighs 106 carats (1 
carat = 3* 17 grains). What volume of oxygen at N.T.P. 
would be necessary to burn it, and what volume of 
carbon dioxide would result ? 

19 1. Give the physical properties of the three varieties 
of carbon, and mention the chief uses of each. 

192. How may the presence of carbon in organic 
matter be shown ? 

193. By what other names is graphite known? Give 
the names of the different kinds of amorphous carbon, 
and state how each is prepared. 

194. 2*62 grammes of a sample of coke yielded when 



Digitized by 



TETRADS— CARBON. 31 

burned in oxygen 877 grammes carbon dioxide. Find 
the percentage of carbon contained in it 

195. How may graphite be obtained artificially ? 

196. Give an account of the different methods em 
ployed for preparing charcoal from wood. How would 
you demonstrate the preparation of charcoal on the 
small scale? 

197. Although the specific gravity of charcoal is about 
i*5, yet it floats on water. How is this explained? 
How could a piece of charcoal be made to sink in 
water ? 

198. What happens when a piece of perfectly dry char- 
coal is placed in a jar of ammonia gas standing over 
mercury ? What is the cause of the change ? 

199. How does charcoal act as a disinfectant? 

200. What happens when charcoal is heated with solu- 
tion of indigo or logwood ? Which kind of charcoal acts 
most readily on these bodies, and to what useful purpose 
is it applied ? 

201. What is coke ? Give the different ways employed 
for preparing it. 

202. How is animal charcoal prepared, and what are 
its properties? 
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203. How is the substance called gas carbon ob- 
tained, and what is it used for? How is lamp-black 
obtained ? 

204. What weight of carbon dioxide will result from 
burning 112 lbs. of charcoal containing 8573 per cent, of 
carbon ? 

205. What relation has been noticed by Angus Smith 
to exist with regard to the volumes and weights of gases 
absorbed by charcoal ? 

SILICON. 

206. Name the most abundant minerals in which 
silicon occurs. Name other substances of which it is an 
essential constituent., 

207. How are the different modifications of silicon 
prepared ? How was it originally prepared, and by 
whom ? Give equations for all the reactions. . 

208. A specimen of granite contains 61 per cent, 
quartz, 30 per cent, potash felspar, and 9 per cent mica. 
Find the percentage of silicon in the specimen. 

209. Give the chief properties of amorphous and 
crystalline silicon, and state the action of heat, of acids, 
and of alkalies on each variety. 
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210. How much silicon should be obtained from 119 
grammes of potassium silico-fluoride, and how much 
potassium would be needed for the decomposition ? 

211. One hundred and twenty-three grammes of alumi- 
nium were heated in a current of silicon tetrachloride 
vapour. Give the weights of the products. 
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PENTADS. 

NITROGEN. 

212. How does nitrogen occur in nature? Mention 
some gaseous and solid bodies which contain it. 

213. When, by whom, and how was nitrogen dis- 
covered ? 

214. Give a full account of any experiment which 
proves the existence of nitrogen in air. 

215. Give two methods for the preparation of nitrogen 
from air. 

216. Give four distinct methods for obtaining nitrogen 
gas from compounds of nitrogen. Give equations 

217. What are the properties of nitrogen? 

218. What volume of chlorine must be passed through 
ammonia so as to yield 10 litres of nitrogen gas at 
N.T.P. ? 

219. What volume of air contains 1 gramme of 
nitrogen ? 
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220. How may nitrogen be directly combined with 
oxygen, tungsten, carbon, boron, and magnesium ? 

221. How may the nitrogen contained in potassium 
nitrate be obtained in the free state ? 

222. What is the difference in weight between 10 litres 
nitrogen and 10 litres air, each gas being measured at 
N.T.P. ? 

PHOSPHORUS. 

223. What is the chief source of phosphorus and its 
compounds ? What is the most abundant phosphate found 
in nature ? Name other naturally-occurring phosphates. 

224. From what source do animals derive the phos- 
phorus which is contained in their bones and blood ? 

225. By whom and when was each modification of 
phosphorus discovered ? 

226. Give the details of the process employed for the 
preparation of phosphorus from bone-ash. Represent all 
the reactions by equations. 

227. In preparing phosphorus, sand is sometimes used 
along with charcoal for the final distillation. What is 
the advantage of this ? Calculate the quantity of phos- 
phorus which should be obtained from a ton of calcium 

D 2 
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phosphate (a) using charcoal only, (b) using charcoal and 
sand. 

228. The skeleton of a full-grown man weighs 24 
pounds, and the bones contain 58 per cent of calcium 
phosphate. Calculate the weight of phosphorus in the 
skeleton. 

229. Why are preparations of bone-ash frequently 
employed as manures ? 

230. A piece of bone is heated (a) in a covered 
crucible, (b) in an open fire. Describe the substances 
obtained m each case, and state which would contain 
the larger proportion of phosphorus. 

231. How is crude phosphorus purified? How is it 
cast into sticks ? 

232. How is amorphous phosphorus obtained on the 
large scale ? How is it purified from traces of common 
phosphorus ? 

233. How may amorphous phosphorus be converted 
into common phosphorus, and vice vers&t How may 
these changes be shown on the small scale ? 

234. Compare* the properties of the two varieties 
of phosphorus) and point out the differences between 
them. 
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235. How could you prove, in spite of the great differ- 
ences in properties, that common and red phosphorus are 
modifications of the same element ? 

236. Two hundred and seven grammes of phosphorus 
pentoxide were obtained in each case by burning (a) 
phosphorus, (b) phosphine, in air. What weight of 
substance was used in each case ? 

237. What is the weight at N.T.P. of 1,234 litres of 
phosphorus vapour ? 

238. To what property of the element does phosphorus 
owe its name ? Under what conditions does it lose this 
property ? 

239. Describe a process for the detection of phos- 
phorus in cases of poisoning. 

240. A manufacturer prepares phosphorus from 169 
tons of bones containing 537 per cent, of calcium phos- 
phate. How much phosphorus should he obtain, and 
how much sulphuric acid and carbon should be required 
for the process? 

241. How has amorphous phosphorus been obtained in 
crystals, and what are the properties of this modification ? 

242. How may phosphorus be directly combined with 
oxygen, chlorine, hydrogen, and sulphur ? 
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243. Which modification of phosphorus dissolves in 
carbon disulphide ? What occurs when the solution is 
poured over a sheet of filter paper ? 

244. How are lucifer matches made, (a) using common 
phosphorus, {b) using amorphous phosphorus ? 

245. Give a short history of various means proposed 
for obtaining light, prior to the introduction of phos- 
phorus matches. 

246. Why is the end of an ordinary wooden match 
tipped with sulphur or stearine as well as phosphorus 

' paste? 

247. How may the so-called a safely matches" be 
kindled without bringing them in contact with amorphous 
phosphorus ? 

ARSENIC. 

248. How does arsenic occur in nature ? Name some of 
its ores, and state how the element is obtained from them ? 

249. How is the occasional presence of arsenic in 
hydrochloric acid explained ? How may its presence be 
ascertained ? 

250. To what two substances is the name arsenic 
applied ? Give the formula for each. 
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251. How has the density of arsenic vapour been 
ascertained, and what is peculiar about it ? 

252. What occurs when arsenic is heated (a) in 
oxygen, (b) in nitric acid, (c) in sulphuric acid ? 

253. How is arsenic prepared on the large scale from 
arsenical pyrites, and how is it purified ? 

254. How is arsenic obtained in the crystalline and 
amorphous modifications ? 

255. Discuss the various reasons which lead some 
chemists to class arsenic with the metals, and others with 
the non-metals. 

256. Compare the properties of nitrogen, phosphorus, 
and arsenic, and give reasons for placing them in the 
same chemical group. Give the formulae for the chlorides, 
oxides, sulphides, and hydrides of each. 

257. Name poisonous and non-poisonous compounds 
of arsenic. Is the element itself poisonous ? 

258. 1 1 "73 grains of arsenic trisulphide were obtained 
by analysis in a case of poisoning. To how much arsenic 
trioxide does this quantity correspond ? 

259. How much arsenic is contained on the walls of a 
room which is covered with 1,869 square feet of paper, 
each containing 078 gramme of Scheele's green ? 
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H E X A D S. 

SULPHUR. 

260. In what condition and in what localities does 
free sulphur occur in nature? Name the most im- 
portant natural sulphides and sulphates. 

261. What gases containing sulphur are sometimes 
found (a) in air, (b) dissolved in water ? 

262. With what minerals is native sulphur usually 
associated ? How may this association be explained ? 

263. How is native sulphur extracted in Sicily ? Give 
both the old and the improved process. 

264. How is crude Sicilian sulphur purified in this 
country ? Sketch the apparatus used. 

265. How are flowers of sulphur and roll sulphur 
obtained ? What is milk of sulphur, and how is it 
prepared ? 

266. Describe other methods employed on the large 
scale for obtaining sulphur. 
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267. Describe fully the changes which occur when 
sulphur is heated from the ordinary temperature to 
its boiling-point. 

268. Describe the three modifications of sulphur, 
and state exactly how each is obtained. 

269. Which forms of sulphur are obtained (a) by 
evaporating a solution of sulphur in carbon disulphide, 
(b) by adding an acid to calcium pentasulphide ? 

270. Describe an experiment in proof of the statement 
that sulphur sublimes at the ordinary temperature. 

271. In what form is sulphur obtained when sub- 
limed at a temperature of ioo° in a current of air? 

272. How may a sulphur be converted into /3 sulphur, 
and vice versd f 

273. What occurs when copper is dropped into boiling 
sulphur ? 

274. What gases are produced when sulphur burns 
(a) in air, (b) in oxygen, (c) in nitrous oxide ? 

275. How may sulphur be directly united (a) to 
carbon, (b) to chlorine ? 

276. What occurs in each case when sulphur is boiled 
(/z) in nitric acid, (b) in sulphuric acid, (c) in caustic 
soda ? Give equations. 
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277. Represent by equations the reactions which occur 
when iron pyrites is strongly heated (a) in presence of air, 
(6) in absence of air. 

278. What weight of sulphur is contained in a litre of 
sulphuretted hydrogen, and in a litre of sulphur dioxide ? 

279. In what respect is the vapour density of sulphur 
abnormal ? At what temperature is its vapour 32 times 
as heavy as hydrogen ? 

280. How could you obtain free sulphur from calcium 
sulphate ? 

281. Give other names for the substances called brim- 
stone, galena, monoclinic sulphur, zinc blende, plastic 
sulphur, gypsum, and rhombic sulphur. 

282. Write formulae for several substances which show 
the analogy of oxygen and sulphur compounds. 

SELENIUM. 

283. By whom was the element selenium discovered ? 
From what substance was it first prepared ? What is the 
origin of the name ? 

284* From what substance and how is it generally 
prepared ? 
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285. How are the amorphous and crystalline forms 
of selenium prepared ? 

286. Compare the properties of selenium with those 
of sulphur. 

287. What occurs when selenium is heated in air or 
oxygen? Give the formula and properties of the sub- 
stance formed. 

288. What is the effect of light on the conducting 
power (for electricity) of selenium ? 

289. How may a solution of selenium be obtained ? 

290. What is peculiar about the vapour density of 
selenium ? 

TELLURIUM. 

291. Name some naturally occurring compounds con- 
taining tellurium ? 

292. From what compound is tellurium usually pre- 
pared, and by what methods ? 

293. Compare the properties of tellurium with those of 
sulphur and selenium, and write the formulae of several 
analogous compounds of each element. 

294. What body is formed when tellurium is burned in 
oxygen ? How may it be distinguished from the bodies 
produced by burning selenium and sulphur in oxygen ? 
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AIR. 

295. Who first determined the composition of the 
air ? Describe fully the method he employed. 

296. What are the two chief constituents of the air ? 
By whom and when were they each discovered ? 

297. Name the bodies which are always present 
in the air in small quantities, and those which are 
occasionally present. 

298. Describe a method for recognising with certainty 
each constituent of the atmosphere. 

299. Is air a mechanical mixture or a chemical com- 
pound ? Give reasons in support of your answer. 

300. How do you account for the presence of carbon 
dioxide in the air? Why does the quantity remain 
nearly uniform? 

301. What changes are produced in air by the 
breathing of animals and during the growth of plants ? 

302. A candle is burned in a closed bottle of air till it 
goes out, and a mouse is kept in a closed bottle of air 
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till it dies. Why does the candle go out and the mouse 
die, and what changes are produced in the air in each 
case ? 

303. Describe experiments to prove (a) that plants 
give out oxygen in daylight, (b) that animals breathe 
out carbon dioxide. 

304. How do you account for the presence of each 
substance found in air only in small quantity ? 

305. How is the remarkable uniformity in the compo- 
sition of the air explained ? 

306. Compare the action of air on plants and animals, 
{a) while they are alive, (6) after they are dead. 

307. Describe several constantly occurring processes 
(a) which remove oxygen from the air, (d) which add 
carbon dioxide to it. 

308. In what quantities are nitrogen, oxygen, carbon 
dioxide, and ammonia present in air ? 

309. How may phosphorus be used to demonstrate 
approximately the proportions of oxygen and nitrogen 
present in the air ? 

310. Describe fully how Dumas and Boussingault 
determined the composition of air by weight, and sketch 
the apparatus required for this purpose. 
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311. How may the composition of air be ascertained 
by means of the eudiometer ? 

312. In an analysis by Dumas and Boussingault's 
method the copper employed gained in weight 1*4904 
gramme. Find the number of grains of air used and 
of nitrogen obtained. 

313. Dr. Angus Smith found in 100 volumes of air, at 
the sea-shore in Scotland, 20*999 volumes of oxygen and 
in Manchester 20*960 volumes. How much sulphur 
would be required to unite with all the oxygen in one litre 
of each specimen ? 

314. How much air by volume is required for the 
complete combustion of 11*234 grammes of charcoal 
containing 85*89 per cent, carbon and 2*41 .per cent, 
hydrogen ? 

315. Give two distinct physical processes for separating 
oxygen from air. 

316. Lavoisier heated some mercury for several days in 
contact with 50 cubic inches of air at a temperature of 
1 9° C. and under a pressure of 28 inches of mercury. At 
the close of the experiment, 42 cubic inches of gas 
remained unabsorbed, and 45 grains of mercuric oxide 
were obtained, which when heated yielded 41 ft grains of 
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mercury and 74 cubic inches of oxygen. How do these 
results agree with modern determinations ? 

317. Find the volume of nitrogen and oxygen present 
in air from the following results obtained by Bunsen in 
an analysis of the air at Marburg : — 

Pressure Temp. Vol. at o° C. 
Vol. at o °C C. and i m. pressure. 

Air employed . 882*2 0*5276 9 464*94 

-f Hydrogen . 1053*8 0*6929 o*8 729*38 

After explosion . 861 *8 0*5084 0*7 437*83 

Maximum temperature of air = - 1 "5° C. 

Minimum „ = - 1*25° C. 

Barometer = 0*7423. 



318. What is the action on air of {a) phosphorus, 
(b) potassium pyrogallate, at the ordinary temperature ? 
How may the latter substance be used for the analysis 
of air? 

319. Find the volume of air at 13 C. and 755 m.m. 
pressure required to burn a litre of carbon monoxide at 
the same temperature and pressure. 

320. Find the composition of air from the following 
results obtained by Bunsen by absorption with potassium 
pyrogallate 
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Vol. at o° C. and 
Vol. Pressure. Temp, i m. pressure. 
Airemployed . 368*9 0*5759 3*i°C. 210*08 

After absorption 313 8 0*5358 3*i 9 C. 16625 

321. How would you analyse the air from a crowded 
theatre, and what ingredients would you expect to find 
in large quantity ? 

322. One hundred and twenty-nine c.c. of air at 15 C. 
and under a pressure of 753 m.m. mercury were contained 
in a cylinder standing over water. How much nitric 
oxide at the same temperature and pressure . would be 
needed to combine with the oxygen ? 

323. During fogs in Manchester, Dr. Angus Smith 
found 6*79 volumes carbon dioxide in 10,000 volumes of 
air. How much calcium carbonate would be formed on 
shaking up a litre of such air with lime-water ? 

324. It has been found that air containing 250 volumes 
of carbon dioxide in 10,000 volumes will not support 
combustion. What is the percentage amount of oxygen, 
nitrogen, and carbon dioxide in such air ? 

325. A man inhales 18 cubic feet of air per hour. 
What weight of oxygen does he consume in 24 hours ? 

326. A man exhales 1,122 cubic inches of carbon 
dioxide per hour. How many men at the same rate would 
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be required to produce a ton of carbon dioxide in 24 
hours ? 

327. In a well ventilated room the amount of carbon 
dioxide ought not to exceed 6 volumes in 10,000 of air. 
What weight does this correspond to per litre of air, and 
how much calcium carbonate would it precipitate from 
lime-water ? 

328. Give a short account of what is known about the 
solid matters, organic and inorganic, found floating 
in air? What impurities does rain-water extract from 
the air? 

329. How did Pasteur prove that atmospheric dust 
contains particles capable of germination ? 

330. Mention various circumstances in which a pu- 
trescible liquid might be left in contact with air without 
giving rise to germination. 

231. How may it be shown that air has weight? 
What is the weight of a litre of dry air at N.T.P. ? 

332. What is meant by the pressure of the atmosphere ? 

333. What is a barometer? Describe the simplest 
form of the instrument. What is the principle of the 
aneroid barometer? 

334. What is meant by the " Torricellian vacuum ? " 

K 
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335. Why does the mercury in a barometer fall on 
ascending a mountain, and rise on descending ? 

336. Describe several experiments which prove that the 
atmosphere exerts a certain pressure. 

337. Describe the construction and action of an ordi- 
nary air-pump, and of the instrument called Sprengel's 
pump. 
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COMPOUNDS OF NON-METALS WITH EACH 
OTHER. 

Compounds of Hydrogen with Oxygen, 
water. 

338. Describe the various kinds of naturally occurring 
water. Arrange them in order from the purest to the 
least pure. 

339. Why is river-water more impure than rain-water ? 
What does the latter contain ? 

340. Of what is pure water composed ? Who discovered 
the composition of water? How and when was the 
discovery made ? 

341. Sketch the apparatus you would use to show 
the decomposition of water by the galvanic current. 

342. Give all the ways you know for obtaining (a) 
hydrogen and (b) oxygen from water. 

343. Cavendish exploded a mixture of 19,500 measures 
of oxygen with 37,000 of hydrogen. Which gas would 
remain after the explosion, and how much of it ? 

E 2 
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344. How could you show that water is produced by 
burning hydrogen in air or oxygen ? Water is also pro- 
duced when a candle or a gas-jet burns in air. How do 
you explain this ? 

345. What weight of hydrogen and of oxygen is con- 
tained in 100 lbs. of water? 

346. A gas-holder contains 74 litres of hydrogen at 
N.T.P., what volume of oxygen is required for its com- 
bustion, and what weight of water would result ? 

347. A strong glass flask containing 200" c.c. hydrogen 
and 100 c.c. oxygen weighs 417 grammes. An electric 
spark is passed through the mixed gases. What is the 
weight of the flask when cold ? 

348. How is the composition of water ascertained by 
means of the eudiometer? Give the details of the 
process. 

349. After exploding a mixture of hydrogen and 
oxygen, 0*017 gramme water was obtained, and 11*5 cc. 
hydrogen remained. The temperature was 15 C. and the 
pressure 760 m.m. Find the volume of the mixed gases. 

350. What volume of steam is obtained by exploding 
a mixture of two volumes of hydrogen with one of 
oxygen ? 
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351. Sketch Hofmann's apparatus for showing the 
volume of steam obtained by the explosion of a mixture 
of hydrogen (2 volumes) with oxygen (1 volume), and 
explain how it is used. 

352. What happens when hydrogen is passed over 
heated copper oxide? Express the reaction by an 
equation. 

353. Explain how the action of hydrogen on copper 
oxide may be used as a means of determining the com- 
position of water. 

354. Berzelius and Dulong heated 53*821 grammes 
copper oxide in contact with hydrogen. The residual 
copper weighed 42*989 grammes, and 12*197 grammes 
water were obtained. Calculate from these data the per- 
centage composition of water. 

355. Sketch Dumas' apparatus for the determination 
of the composition of water, and state the precautions 
he took to ensure the purity of the hydrogen employed, 

356. As the result of numerous experiments Dumas 
found that 840*161 grammes of oxygen were required 
in the production of 945*439 grammes of water. Calcu- 
late from these data the percentage composition of water 
and the combining weight of oxygen. 
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357. One gramme of hydrogen is passed over 172 
grammes of red-hot copper oxide. Find the weight of 
water produced, and the loss of weight of the copper oxide. 

358. 53'5 c.c. of water were obtained by the action of 
hydrogen on heated copper oxide. Find the volume of 
hydrogen used, and of the oxygen with which it combined 
(both gases measured at N.T.P.). 

359. What weight of iron sesquioxide, if heated in 
hydrogen, would be required to yield 127 grammes 
water, and what volume of hydrogen at N.T.P. would 
foe used in the reaction ? 

360. Twenty litres of hydrogen measured at 15 C. and 
754 m.m. are burned in air, and all the water produced is 
collected. Find the weight of the water and the volume 
of air required. 

361. Give six equations to show that water is a fre- 
quent product of chemical reactions. 

362. Explain each of the following terms— (a) water 
of crystallization, {b) hydrates, (c) deliquescent, {d) 
hygroscopic, (e) efflorescence, and (/) cryohydrates. 
Illustrate the meaning in each case by examples. 

363. At what temperature is the density of water 
greatest? How may this be shown experimentally? 



Digitized by 



WATER. 55 

364. Starting with water at 15° C, explain the physical 
changes which occur (a) when it is heated to ioo° C, 
{p) when it is cooled to o° C. 

365. How does the pressure of the atmosphere affect 
the temperature at which water boils ? 

366. What is the crystalline form of ice and snow ? 
How may it be observed in each case? 

367. What use is made of water in graduating a 
thermometer? Why is it chosen for this purpose? 

3C8. At what temperatures does water boil and freeze 
respectively on the three thermometric scales in common 
use? 

369. How may degrees on one scale be calculated into 
degrees on the others? What temperatures on the centi- 
grade and Reaumur scales correspond to 15° Fahrenheit ? 

370. Sulphur melts at 115 C. and boils at 440 C. and 
sulphur dioxide boils at — 8° C. Calculate these tempera- 
tures on the two other scales. 

371. What changes in bulk occur (a) when ice melts, 
(6) when water freezes, and (c) when water is heated ? 

372. Two thin glass tubes are filled with water and 
sealed up ; one is placed in boiling water, the other in 
a freezing mixture. What occurs in each case? 
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373. Equal quantities of water at 79 C. and of ice are 
mixed together. What is the temperature of the mixture ? 
Instead of ice, water at o° C. is used, what is the tem- 
perature in this case ? 

374. Explain the term thermal unit. 

375. Describe an experiment to show how the latent 
heat of steam may be ascertained 

376. What is meant by the term " tension of aqueous 
vapour," and how may it be measured ? 

377. In measuring a moist gas in a eudiometer, how 
would you ascertain the correction to be made for the 
tension of aqueous vapour ? 

378. Describe any experiment which proves that during 
the evaporation of water heat is absorbed. 

379. What methods have been suggested for obtaining 
large quantities of ice artificially ? 

380. On what physical conditions does the amount 
of a gas capable of being dissolved by water, 
depend ? 

381. When water is decomposed by the galvanic 
current the oxygen measures rather less than half the 
hydrogen. How do you account for this ? 

382. Aqueous solutions of carbon dioxide, ammonia, 
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and oxygen are frozen. Is the gas expelled or retained 
at the moment of solidification ? 

383. On what physical conditions . does the amount 
of a solid capable of being dissolved in water usually 
depend ? 

384. Describe the construction and use of an oxy- 
hydrogen blowpipe. What is the temperature of the 
flame of an oxyhydrogen blowpipe, and how may it 
be used to fuse platinum ? 

385. If the water produced by burning hydrogen in 
oxygen be collected, is it pure or impure ? 

386. Classify the various kinds of impurities found in 
natural waters. Which impurities may be removed by 
filtration ? 

387. What do you understand by the terms " hard 
and "soft," as applied to water ? 

388. How may the degree of hardness of a water be 
ascertained ? 

389. What produces the incrustation on the sides of 
a vessel in which large quantities of water have been 
boiled ? 

390. How may water be freed from all impurities and 
obtained chemically pure ? 
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391. Name the impurities most commonly found in 
river-water, distinguishing the suspended, saline, and 
gaseous impurities. 

392. How would you test a sample of water for 
chlorides and for sulphates ? 

393. How is the presence of lead in many waters 
accounted for, and how may its presence be de- 
tected ? 

394. Why is it of importance to determine the amount 
of organic matter present in water? Describe fully 
the processes of Frankland and of Wanklyn for this 
purpose. 

395. How are the inorganic impurities in water 
detected and their amount estimated ? 

396. State briefly the considerations which would guide 
a chemist in determining whether or not a sample of 
water was suitable for domestic use. 

397. Describe a process in use on the large scale for 
softening hard water ? 

398. What is the colour of perfectly pure water, and 
how may this be best seen ? 

399. Air usually contains 20*924 volumes oxygen and 
^—076 volumes nitrogen. Air dissolved in pure water 
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consists of 34*91 volumes oxygen and 65*09 volumes 
nitrogen. How is this difference explained, and what 
is the action of air dissolved in impure water on the 
organic matter present? 

400. Why is water called a neutral body ? 

401. Certain bodies when added to water cause a 
lowering of the temperature, others raise it. Give 
examples of each and explain the cause. 

402. What is the action of each of the following bodies 
on water, {a) lime, (6) sulphuric acid, (c) phosphorus 
trichloride, (d) soda, (e) phosphorus pent oxide? 

403. What occurs when anhydrides are added to 
water ? Give examples. 

HYDROGEN DIOXIDE. 

404. By whom and when was hydrogen dioxide first 
prepared? Does it occur in nature? if so, how? By 
what other names is the substance known? 

405. How is hydrogen dioxide prepared? Give two 
methods. Can it be obtained in the pure state? 

406. What are the properties of hydrogen dioxide, 
and what occurs when it is heated ? 



Digitized by 



60 QUESTIONS ON CHEMISTRY. 

407. Give examples of reactions in which hydrogen 
dioxide (a) oxidizes, (b) deoxidizes (reduces). 

408. Give various reactions for the detection of 
hydrogen dioxide. Which test would you apply to 
detect extremely small quantities? 

409. Explain the action of hydrogen dioxide on (a) 
silver oxide, {b) manganese dioxide, (c) ozone. 

410. What is the action of hydrogen dioxide on each 
of the following bodies ? (a) potassium iodide, (b) lead 
sulphide, (c) potassium permanganate, (d) potassium 
chromate, {e) charcoal, (/) finely divided platinum. 

411. Represent by equations the action of hydrogen 
dioxide on (a) sulphur dioxide, (b) nitrogen tetroxide, 
(c) barium monoxide. 

412. How may hydrogen dioxide and ozone be detected 
as products of the combustion of hydrogen in air ? 

413. Hydrogen dioxide is sometimes used for clean- 
ing old oil paintings. What is its action when used for 
this purpose ? 
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414. How does hydrochloric acid occur in nature, 
and by what other names is it known ? 

415. How may hydrochloric acid be prepared from 
its elements ? Describe different ways of effecting the 
union. 

416. Starting with 'common salt, how could you pre- 
pare hydrochloric acid ? 

417. A burning jet of hydrogen is plunged into a jar 
of chlorine ; what occurs, and what property does the 
product possess which distinguishes it from both hydrogen 
and chlorine ? 

418. Using only chlorine and water, how may hydro- 
chloric acid be prepared? 

419. What occurs when a galvanic current passes 
through a strong solution of hydrochloric acid, pre- 
viously saturated with chlorine ? 
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420. In what proportions by volume and weight do 
hydrogen and chlorine unite ? 

421. What volume of hydrogen at N.T.P. is needed to 
unite with 1 gramme of chlorine ? 

422. A cylinder contains a mixture of equal volumes of 
hydrogen and chlorine , it is opened under a solution 
of potassium iodide. State what occurs, and express 
the reaction by an equation. 

423. Describe various methods which may be used to 
ascertain the proportion of hydrogen and chlorine con- 
tained in hydrochloric acid gas. 

424. Give several reactions to show the tendency of 
chlorine to unite with combined hydrogen. 

425. How much hydrochloric acid must be decomposed 
to yield enough chlorine to liberate 2*34 grammes of 
iodine from potassium iodide? 

426. A solution of hydrochloric acid required 10*67 
grammes of silver nitrate to precipitate it completely. 
Find the volume of hydrochloric acid (at N.T.P.) in 
solution. 

427. Sketch the apparatus required for preparing small 
quantities of pure hydrochloric acid, and calculate the 
quantities of common salt and sulphuric acid required to 
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saturate a- litre of water with the gas (water at 15 C. 
dissolves 450 times its bulk of the gas). 

428. How is hydrochloric acid prepared on the large 
scale ? Sketch the plant required. 

429. What impurities are usually present in commercial 
hydrochloric acid, and how is their presence accounted 
for? 

430. At 12 C. and 760 m.m. pressure 1 gramme water 
absorbs 0762 gramme hydrochloric acid. Find the 
quantity of salt and sulphuric acid required to yield a 
ton of hydrochloric acid at the same temperature and 
pressure. 

431. What important fact was ascertained by Roscoe 
and Dittmar on distilling aqueous solutions of hydro- 
chloric acid at different pressures ? How may this 
property be applied to the preparation of standard solu- 
tions of the acid ? 

432. What occurs when a current of hydrochloric acid 
is passed over (a) sodium, (#) manganese dioxide, (c) 
iron ? 

433. How is iodine chloride prepared, and what are its 
properties ? 

434. If a current of chlorine be led into solution of 
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potassium iodide mixed with starch, the liquid at first 
becomes blue, but by the continued passage of the gas 
it becomes colourless. Explain this. 

535. Give the names and formulae of the oxides of 
chlorine, and state how each is prepared. 

436. What occurs when a red-hot wire is placed in a 
tube filled with chlorine tetroxide ? 

437. Give several illustrations of the powerful oxidiz- 
ing action of chlorine tetroxide ? 

438. What is euchlorine, and how is it prepared ? 

439. Write the names and formulae of the compounds 
containing chlorine, hydrogen, and oxygen. 

440. Give three distinct methods for the preparation of 
hypochlorous acid. What are the properties of the 
substance ? 

441. Compare the bleaching action of chlorine with 
that of hypochlorous acid, and explain each by 
equations. 

442. What happens when lime is thrown into a 
cylinder containing chlorine ? What is the common 
name of the substance produced, and how is it obtained 
on the large scale ? 

443. Express by equations the action on bleaching 
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powder of (a) sulphuric acid, (6) nitric acid, (<r) hydro- 
chloric acid. 

444. What occurs when a stream of chlorine is 
passed through (a) a hot solution of potash, (b) a cold 
solution of potash ? Express each reaction by an equa- 
tion. 

445. How is potassium chlorate prepared on the large 
scale ? How would you react on calcium chlorate so as 
to obtain potassium chlorate ? 

446. How is potassium chlorate separated from potas- 
sium chloride when both are present in a solution ? By 
what tests could you distinguish the two salts ? 

447. How is potassium per chlorate obtained from the 
chlorate ? Give an equation. 

448. A certain weight of potassium chlorate is heated 
for the preparation of perchlorate ; 10 litres of oxygen at 
N.T.P. are obtained. Find the weight of chlorate used 
and of perchlorate obtained. 

449. How did Roscoe obtain pure perchloric acid, and 
what are its properties ? 

450. What compound does perchloric acid form with 
water, and how is it obtained ? How is its formation 
exp ] ained? 

F 
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451. What occurs when perchloric acid is added to 
(a) water, (b) charcoal ? 

452. Calculate the composition of potassium perchlorate 
from the following experimental data obtained by Roscoe. 
9915 gramme of the pure salt lost on heating' 0*4570 
gramme, the residue required 07683 gramme of silver for 
complete precipitation. Also, 0*3165 gramme of the salt 
when treated with sulphuric acid yielded 0*201 gramme 
potassium sulphate. 

453. How could you distinguish (a) a solution of 
chlorine from one of hypochlorous acid, (6) a solution of 
potassium chlorate from one of potassium perchlorate? 

454. What quantities respectively of potassium 
chlorate and potassium perchlorate would be needed to 
furnish when heated a litre of oxygen at N.T.P. ? 

45 5. Starting with potassium chlorate, how could you 
obtain the chlorates of sodium and barium ? 



Digitized by 



COMPOUNDS OF BROMINE. 67 



COMPOUNDS OF BROMINE. 

456. Describe different methods for combining bromine 
directly with hydrogen. 

457. What weight of bromine and of hydrogen does 
a litre of hydrobromic acid gas at N.T.P. contain? 

458. What happens when potassium bromide is dropped 
into {a) sulphuric acid, (&) phosphoric acid ? 

459. Express by equations the action of hydrobromic 
acid on sulphuric acid, and of bromine water on sul- 
phuretted hydrogen. 

46a If a hydrogen flame be surrounded with bromine 
vapour what occurs? If coal-gas be substituted for 
hydrogen what occurs? 

461. What is the action of phosphorus on chlorine, on 
bromine, and on iodine, and what is the action of water 
on each of the products ? 

462. Describe fully how you would fill a cylinder with ' 

F 2 
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dry hydrobromic acid, and how you would show that it 
is soluble in water and acid. 

463. A cylinder standing over mercury is half filled 
with sulphuretted hydrogen ; a thin glass bulb containing 
bromine is passed up and then broken in the gas. What 
reaction occurs, and how does it affect the volume of 
gas in the cylinder? 

464. How may the composition of hydrobromic acid 
be ascertained ? 

465. Express by equations the reactions which occur 
when hydrobromic acid is added to (a) zinc, (fi) silver 
nitrate, (c) chlorine, (d) manganese dioxide. 

466. Aqueous solution of hydrobromic acid having a 
specific gravity of 1*515 has been found to contain 49*8 
per cent, of the gas. How much silver nitrate is needed 
to precipitate 100 c.c. of the solution ? 

467. Do chlorine and bromine unite together ? How 
could you distinguish between a solution of chlorine in 
bromine and a compound of the two elements ? 

468. No compound of bromine with oxygen is at 
present known. Suggest methods for attempting to 
prepare such a compound. 

469. Give different methods for the preparation of 
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hypobromous acid. How would you distinguish it from 
hypochlorous acid ? 

470. What occurs when bromine is left in contact 
with slaked lime, and what is the action of {a) hydro- 
chloric acid,«(£) nitric acid, on the product ? 

471. Express by equations the actions of {a) chlorine 
on bromine water, (b) bromine on caustic potash, {c) 
bromine water on silver bron»ate. 

472. What occurs when heat is applied to (a) bromic 
acid, (6) potassium bromate ? 

473. How is perbromic acid obtained? Compare its 
properties with those of perchloric acid. 
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474. Do iodine and hydrogen combine together directly, 
and if so, how ? 

475. State fully what occurs when strong sulphuric acid 
is dropped on potassium iodide. 

476. How is hydriodic acid usually prepared? How 
would you obtain (a) the dry gas, (b) a saturated aqueous 
solution of it ? 

477. What occurs when a current of sulphuretted 
hydrogen is passed through a solution of iodine ? 

478. What are the properties of hydriodic acid, and 
what occurs when it is strongly heated ? 

479. How many cubic centimetres of hydriodic acid 
at N.T.P. are required to weigh the same as 1,000 of 
hydrogen ? 

480. What is the action on hydriodic acid of (a) 
chlorine, (b) bromine, (c) iodine, (d) sulphur dioxide ? 
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481. What volume of hydriodic acid at N.T.P. con- 
tains 1 gramme of iodine, and how could it be extracted ? 

482. Illustrate the action of hydriodic acid on organic 
compounds by explaining how it acts on tartaric acid and 
on glycerine. 

483. Name six soluble and six insoluble iodides, and 
state what is the action of chlorine on each. 

484. How could you detect each of the constituents 
in a mixture of potassium chloride, bromide, and iodide ? 

485. Give a short account of the compounds of iodine 
with chlorine and with bromine. 

486. Find the percentage composition and formulae 
of the chlorides of iodine, from the following data : — 

(a) 521 gramme chloride contained 0*283 gramme 
iodine and 0*238 gramme chlorine. 

(b) 0732 gramme chloride contained 0*574 gramme 
iodine and 0*158 gramme chlorine. 

487. What evidence is there for supposing the exist- 
ence of hypoiodous acid ? 

488. How is iodic acid obtained, and what occurs 
when it is heated? 

489. What is the action on iodine of {a) nitric acid, 
{b) caustic potash ? 
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490. What weight of iodic acid contains 1 '567 gramme 
iodine, and by what reactions could it be obtained 
from it? 

491. How are periodic acid and the periodates re- 
spectively prepared? 

492. Write the formulae of all the known compounds 
of the halogens with (a) hydrogen, (b) oxygen, (c) 
hydrogen and oxygen. 

493. Chlorine is passed into water containing 23 
grammes iodine in suspension. What volume at N.T.P. 
is required to convert all the iodine into iodic acid ? 
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494. What is the action of sulphuric acid on calcium 
fluoride, and of heat on hydrogen potassium fluoride? 
Give equations. 

495. What is the difference between the action of 
anhydrous and dilute hydrofluoric acid on (a) glass, 
(b) gutta-percha? 

496. What is the action of hydrofluoric acid on silica 
and of the product on water? State also the action 
of the acid on glass. Give equations. 

497. A weighed piece of glass is acted on by hydro- 
fluoric acid. After the action it is found to have lost 
i"347 gramme, how much hydrofluoric acid is needed 
to produce this result ? 

498. Gore heated 16*4 grains silver fluoride in contact 
with 6 cubic inches pure hydrogen and obtained 14*5 
cubic inches hydrofluoric acid measured at 200 F. 
Find the volume of hydrogen which had combined 
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with fluorine, and state what conclusions you draw as 
to the composition and density of hydrofluoric acid. 

499. 4*387 grammes meerschaum (Si 3 O 10 H 4 Mg 2 ) are 
heated with hydrofluoric acid till no further reaction 
occurs. How much silicon tetrafluoride should be 
formed ? 

500. How is hydrofluoric acid used in the preparation 
of eudiometers? 

501. How would you obtain the fluorides of silver, 
barium, and potassium ? Which of these salts dissolves 
in water ? 

502. Give the formulae of potassium borofluoride and 
of potassium silicofluoride, and state how each of these 
substances is obtained. 

503. How is hydrofluosilicic acid prepared? Sketch 
the apparatus required for its preparation, and give its 
action on solutions of potassium and barium salts. 
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504. How is boron hydride prepared? What are its 
properties, and what occurs when it burns in air ? 

505. Compare the properties of boron hydride with 
those of the hydrides of silicon, phosphorus, and arsenic. 

506. How may the composition of boron hydride be 
ascertained ? 

507. How is the chloride of boron prepared, and 
what is its formula ? What is its action when heated 
with (a) sodium, [b) magnesium, (c) zinc ? 

508. What occurs when boron trichloride is placed 
in water ? Give an equation and name another chloride 
which reacts similarly on water. 

509. A compound of boron trichloride with ammonia 
contains 14*68 per cent, of nitrogen, find its formula and 
state how it is obtained. 

510. Give the formulae and modes of preparation of 
the compounds of boron with bromine and fluorine. 
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511. Express by equations the action of (a) water 
on boron fluoride, (J>) heat on potassium borofluoride. 

512. What is the formula of boric anhydride? What 
acid is formed by its union with water ? 

513. What loss of weight would 2*189 grammes of 
boric acid suffer if heated till free from water ? 

514. How does boric acid occur in nature, and how is 
the pure acid obtained from the natural source ? 

515. What is borax, and how is boric acid obtained 
from it ? How is the presence of boric acid in a mixture 
ascertained ? 

516. Draw graphic formulae for boric and metaboric 
acids, also for boron trioxide, and state how the first 
must be treated so as to yield the others. 

517. How may boron be combined with nitrogen ano 
with sulphur? Describe the two products and give 
their formulae. 
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518. What bodies are called hydrocarbons ? Give the 
names and formulae of a few. 

519. Name the chief hydrocarbons contained in coal- 
gas. To what does it owe its illuminating power ? 

520. How is coal-gas made and purified? Give a 
short account of its discovery and introduction as a 
source of light 

521. Name the chief products obtained by the destruc- 
tive distillation of cannel coal, and state how the coal-gas 
is separated from the others. 

522. Name all the elements usually present in coal- 
gas, and state how they are supposed to be combined. 

523. A sample of Wigan cannel coal contains 571 per 
cent, hydrogen. If coal-gas made from this contained 

. all the hydrogen as marsh-gas, find the volume of the 
latter which should be obtained from a kilogramme of 
the coal. 
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524. A sample of coal- gas contains in 100 volumes 
45*58 hydrogen, 34*90 marsh-gas, 6*64 carbonic oxide. 
Find the volume and weight of carbon dioxide and water 
produced when a litre of it is burned. 

525. What compounds are given off when a paraffin 
candle and coal-gas are separately burned in air ? 

526. Explain the construction of a Bunsen lamp. Why 
does the flame not blacken a cold porcelain plate held 
over it? 

527. A soap bubble inflated with coal-gas is allowed 
to ascend through the air into a bell-jar filled with 
hydrogen. What occurs when it reaches the hydrogen ? 

528. Explain the principle and construction of the 
Davy lamp. 

529. Describe experiments which show that the inner 
portion of a candle or gas-flame contains unburnt 
gases. 

530. How may carbon be directly combined (a) with 
hydrogen, (d) with oxygen? 

531. Give various methods for the preparation of 
carbon monoxide. Represent the reactions by equa-- 
tions. 

532. What weight of crystallized oxalic acid is needed 
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to furnish 17 grammes of carbon monoxide, and what 
volume of carbon dioxide at N.T.P. would be likewise 
obtained ? 

533. How may carbon monoxide be obtained from 
carbon dioxide, and vice versd f 

534. Explain the production of carbon monoxide when 
coals burn in an ordinary fireplace. 

535. How may carbon dioxide be separated from 
carbon monoxide and vice versd? 

536. One gramme of carbon is heated in contact 
with 119 litres of carbon dioxide at N.T.P. What 
reaction occurs, and what is the volume after the ex- 
periment ? 

537. You are required to prepare (a) pure carbon 
dioxide, {&) pure carbon monoxide, using only carbon 
and oxygen. How will you proceed in each case ? 

538. What volume of oxygen when exploded with 
120 c.c. carbon monoxide is just sufficient to combine 
with it, and what volume of carbon dioxide is pro- 
duced ? 

539. What weight of carbon is contained (a) in a 
litre of carbon monoxide, (&) in a litre of carbon dioxide, 
and how could you obtain it from each gas ? 
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540. Give two distinct ways for obtaining carbon 
dioxide from marble (carbonate of lime), and describe 
the properties of the gas. 

541. What occurs when carbon dioxide is (a) heated 
with potassium, (b) shaken up with litmus solution, 
(c) allowed to pass through solution of caustic potash? 

542. What is lime-water, and how is it made ? What 
happens when carbon dioxide is led into it (a) in small 
quantity, (b) in excess? Express all the reactions by 
equations* 

543. How is carbon dioxide obtained as a liquid and 
as a solid ? 

544. Explain the term " temporary hardness * applied 
to water. What occurs when such water is boiled ? 

545. A diamond weighing 0*1247 gramme and contain- 
ing 0*03 per cent, of ash is burned in oxygen. Find the 
volume and weight of carbon dioxide produced. 

546. A closed room has a capacity of 27 cubic metres. 
Find the weight of oxygen, nitrogen, and carbon dioxide 
it contains, before and after a kilogramme of pure carbon 
is burned in it. 

547. Dumas and Stas found that 300*02 parts of 
diamond combine with 800 parts of oxygen to form 
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carbon dioxide. Calculate from these data the com- 
bining weight of carbon. 

548. What are petrefactions, and how have they been 
formed ? 

549. What is the formula for carbonic acid? What 
occurs when its aqueous solution is (a) boiled, (fi) added 
to litmus solution, (c) added to lime water ? 

550. How did Faraday first obtain carbon dioxide in 
the liquid state ? What is meant by the " critical point " 
of a gas ? How did Andrews ascertain the critical point 
of carbon dioxide ? 

551. How does liquid carbon dioxide occur in nature, 
and how has this been ascertained ? 

552. A piece of Iceland spar lost when heated 1*236 
gramme. Find its weight, and the volume of carbon 
dioxide evolved, measured at 13 C. and 755 m.m. 
pressure. 

553. How may carbon be combined with sulphur, and 
what are the properties of the product ? 

554. How much carbon and sulphur are contained in a 
litre of carbon disulphide (S. G. = 1*292), and how 
could they be obtained from it? 

G 
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555. How did Buff and Wohler first obtain silicon 
hydride? How may the substance be obtained in the 
pure state?, ' 

556. What are the properties of silicon hydride, and 
how is it most readily prepared ? 

557. How is silicon tetrachloride prepared, and what 
is its action on water ? 

558. Represent by an equation the reaction which 
occurs when a mixture of silica and fluor spar is heated 
with sulphuric acid. What happens when the product 
is passed into water ? 

559. Name six forms of silica found in nature, and 
state the composition of the following bodies—felspar, 
opal, clay, serpentine, garnet, talc, orthoclase, and agate. 

• 560. In what organic bodies does silica occur, and 
how may its presence in water be ascertained? 

561. Suggest a process for obtaining oxygen from 
silica. 
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562. What are zeolites, and what is the action of 
hydrochloric acid on them ? 

563. What is the action (if any) on silica of (a) sul- 
phuric acid, (b) potash, (c) hydrofluoric acid, (d) sodium 
carbonate (heated till fused), (e) chlorine ? 

564. How is the quantity of silica in a sample of 
water usually determined ? 

565. How would you make a complete, quantitative 
analysis of potash felspar? 

566. Describe Graham's researches which resulted in 
the discovery of ortho-silicic acid. 

567. What is the substance termed soluble glass, and 
what is the action of hydrochloric acid on a strong 
and on a weak solution of it ? 

568. Explain the term " dialysis," u colloids," " crystal- 
loids." Classify the following substances into colloids 
and crystalloids — common salt, sugar, starch, arsenious 
acid, glue, nitre, and gum. 
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COMPOUNDS OF NITROGEN. 

569. Give a short account of the history and natural 
occurrence of ammonia. 

570. How may ammonia be prepared (a) by synthesis, 
(t>) from nitric acid, (c) from ammonium salts ? 

571. What is the chief commercial source of ammonia 
compounds? Describe fully the preparation of sal- 
ammoniac on the large scale. 

572. Represent by equations the action of potash 
and of quick-lime on ammonium chloride. How much 
quick-lime is necessary to decompose 147 grammes 
of ammonium chloride? 

573. A litre of ammonia gas at N.T.P. weighs 07619 
gramme. Find how much heavier it is than hydrogen, 
and how much lighter than air. 

574. How was ammonia gas first liquefied by Faraday? 
Describe Carry's apparatus for obtaining ice artificially 
by means of liquid ammonia. 
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575. Is ammonia a combustible gas? Describe ex- 
periments in support of your answer. 

576. What occurs when ammonia gas is passed (a) 
over heated potassium, (3) into hydrochloric acid, (c) 
over red-hot fragments of porcelain? 

577. One gramme of water at 14 C. and under a 
pressure of 760 m.m. absorbs 0*612 gramme ammonia. 
What weight of ammonium chloride and of lime must 
be heated to saturate with ammonia a kilogramme of 
water at the same temperature and pressure ? 

578. Electric sparks are passed through 79 c.c. of 
ammonia gas. What change in volume occurs, and 
what is the composition by volume of the resi- 
due ? 

579. What volume of ammonia gas at N.T.P. should 
be obtained by heating 139 grammes ammonium chloride 
with quick-lime ? 

580. What is the weight of 35 litres ammonia gas 
at N.T.P. ? When 35 litres of hydrochloric acid gas 
are mixed with it, what occurs, and what is the weight 
of the product? 

581. Under what circumstances does ammonia burn, 
and what are the products of combustion? Find the 
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volume and weight of the products obtained by burning 
129 c.c. of the gas at N.T.P. 

582. An alkaline solution (which you are told is either 
potash or ammonia) is saturated with hydrochloric acid 
and evaporated to dryness. How would you ascertain 
(a) by physical tests, (b) by chemical tests, the nature 
of the product ? 

583. A gaseous mixture contains ammonia and hydro- 
gen, how can the hydrogen be obtained entirely free 
from ammonia? 

584. How can ammonia be obtained from nitric acid, 
and what weight of nitric acid would be necessary to 
yield 179 c.c. measured at I3°C. and under a pressure 
of 754 m.m. ? 

585. What volumes of hydrogen and nitrogen are 
contained in 123 grammes of ammonia? 

586. Describe fully Hofmann's method of ascertain- 
ing the composition of ammonia, by the action of 
chlorine on the gas. 

587. Seventy-five grammes of a solution containing 
21 per cent, of ammonia are added to 134 grammes 
pure nitric acid. Find the weight of ammonium nitrate 
produced, and of nitric acid remaining unsaturated. 
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588. What occurs when ammonia is added to (a) 
copper sulphate solution, {b) silver chloride, (c) ferric 
chloride solution, (d) silver oxide, (e) zinc sulphate solu- 
tion, (/) manganese chloride solution ? 

589. How is ammonia usually tested for and estimated 
quantitatively? What is Nessler's test, and how is it used ? 

590. How is chloride of nitrogen prepared, and what 
are its properties ? Name the chemists who discovered 
it and investigated its properties. What is the most 
probable formula for the compound? 

591. How is iodide of nitrogen obtained? What 
views are held with regard to its composition ? 

592. How may nitrogen be directly combined with 
oxygen ? Sketch the apparatus used to show the union. 

593. Give a list of all the compounds of nitrogen 
and oxygen which have been obtained Give also the 
formula and density of each, and state whether they are 
solid, liquid, or gaseous at the ordinary temperature. 

594. Electric sparks are passed through a globe . filled 
with air. Ammonia solution is then added to the globe 
and the product evaporated to dryness. State fully what 
occurs, and name the oxide of nitrogen which would 
be obtained on heating the residue. 
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595. What occurs when ammonia solution is added 
to nitric acid ? What occurs when the product is heated ? 
Give equation for both reactions. 

596. Represent by equations the reactions caused by 
heating {a) ammonium nitrite, (b) ammonium nitrate. 

597. How is nitrous oxide prepared and collected, 
and what are its properties ? 

598. A glowing taper was rekindled when placed in a 
jar which contained either nitrous oxide or oxygen. How 
could you ascertain with certainty which gas was present ? 

599. If 100 litres of nitrous oxide at N.T.P. be de- 
composed into free oxygen and nitrogen, what increase 
in bulk will occur ? 

600. How much phosphorus could be burned in 100 
litres of nitrous oxide at N.T.P. ? 

601. Twenty grammes of nitrous oxide were obtained 
by heating ammonium nitrate, how much of the salt 
was used? 

602. Point out the resemblances between nitrous oxide 
and oxygen, and state how they may be distinguished 
{a) by chemical.tests, (fi) by physical tests. 

603. Write an account of the preparation and pro- 
perties of nitric oxide. 
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604. What is the weight of 5 litres of nitric oxide 
at N.T.P.? What volume at N.T.P. will 5 grammes 
of the gas occupy ? 

605. How can it be proved that nitrous oxide con- 
tains its own volume of nitrogen, and nitric oxide 
half its volume of nitrogen? 

606. If a gas-holder contains when full 25 grammes 
of oxygen, what weights ot nitrous and of nitric oxides 
will it hold? 

607. What volume of nitrogen will be left in each 
case, by heating potassium in contact with 17 grammes 
of nitrous and nitric oxides ? 

608. What occurs when nitric oxide is passed over 
red-hot copper, and how much will the copper gain 
in weight when 11 litres of the gas at N.T.P. are 
passed over it? 

609. Air is passed into 1 litre of nitric oxide stand- 
ing over water, so long as brown fumes are fonned. 
What gas remains after these have dissolved, and what 
is its volume ? 

610. Answer the previous question for oxygen instead 
of air. 

611. Under what circumstances does nitric oxide 
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(a) extinguish burning phosphorus, (6) support its 
combustion ? 

612. What happens when nitric oxide is passed into 
solution of ferrous sulphate ? 

613. What impurities are present in nitric oxide pre- 
pared by the action of nitric acid on copper ? How is 
the gas obtained quite pure ? 

614. Give different methods for obtaining nitrogen 
trioxide, and state what occurs when it is added to water. 

615. What substance is produced when potassium 
nitrate is heated, and what is the action of dilute acids 
on the product ? 

616. What volume of oxygen must be added to 1234 
c.c. of nitric oxide, so as to convert it into nitrogen 
trioxide ? 

617. What is the probable composition of a mixture 
produced by adding 3 volumes of dry nitric oxide to 
1 volume of dry oxygen? 

618. How may nitrites be detected in presence of 
nitrates? 

619. What occurs when dry lead nitrate is heated? 
Give an equation for the reaction, and describe the 
oxide of nitrogen thus obtained. 
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620. Why are nitrogen dioxide and tetroxide repre- 
sented by the formulae NO and NO s respectively, and 
not by N 2 O a and N 2 4 ? 

621. What is the action on nitrogen tetroxide of small 
and large quantities of water ? 

622. How is nitrogen pentoxide obtained, and how 
is it related to nitric acid? * 

623. What is the action of phosphorus pentoxide on 
nitric acid, and how may nitric acid be obtained from 
the product? 

624. What naturally occurring compounds may be 
used for the preparation of nitric acid ? How do they 
generally occur, and how is their formation accounted 
for? 

625. How is, nitric acid usually prepared (a) on the 
small scale, (b) on the large scale? What impurities 
are generally present in tlie commercial acid ? 

626. How may nitric acid be obtained starting with 
hydrogen, oxygen, and nitrogen ? 

627. How much sulphuric acid is needed to react on 
129 tons of nitre so as to obtain nitric acid, and how 
much of the latter should be got from this weight of 
the salt? 
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628. What are the best tests for nitric acid, and how 
may these tests be applied to the detection of nitrates? 

629. Starting with nitric acid, how may each of the 
oxides and acids of nitrogen be obtained ? Give equa- 
tions. 

630. Name all the bodies which can be obtained by 
the action of nitric acid of different strengths on zinc. 
Explain the formation of each and give equations. 

631. What is the action of strong nitric acid on (a) 
sulphur, (6) mercury, (c) sulphur dioxide, (e) tin, (/) 
phosphorus ? 

632. How much pure nitric acid is present in 159 tons of 
nitric acid, 100 grammes of which neutralize 44*3 grammes 
pure caustic potash ? 

633. Name four metals which are not acted on by 
nitric acid, and state how solutions of each may be 
obtained. 

634. What is aqua regia? What substances are re- 
quired to prepare it, and what gases does it contain ? 

635. What is the formula of hyponitrous acid, and 
how is it related to nitrous and nitric acids ? How are 
its salts obtained? 
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COMPOUNDS OF PHOSPHORUS. 

636. Give different ways for the preparation of phos- 
phine, and describe its properties. Can it be prepared 
by direct union of its elements, and if so, how ? 

637. W hat occurs when spontaneously inflammable 
phosphine is left in contact with (a) charcoal, (£) sul- 
phur, (c) potassium permanganate solution? 

638. How is phosphine obtained quite pure? What 
change in volume occurs when electric sparks are passed 
through the pure gas ? 

639. Under what circumstances is phosphine spon- 
taneously inflammable? How may the gas be made 
to lose and regain the property of inflaming spon- 
taneously ? 

640. Compare the properties of phosphine with those 
of ammonia. What is the action of each on silver 
nitrate solution ? Give equations. 

641. How may phosphine be combined with hydriodic 
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acid, what is the formula of the compound produced, and 
how may it be best obtained in quantity ? 

642. How are the liquid and solid hydrogen phosphides 
prepared, and what are their properties? Give the 
formula for each. 

643. How much oxygen, by weight and volume, is 
required to burn completely 179 c.c. of phosphine ? 

644. Twenty-seven c-c. of phosphine are added to 
39 c.c. of hydriodic acid. What occurs? Give the 
weight of the solid and the volume of the gaseous 
product. 

645. How are the trichloride and pentachloride of 
phosphorus respectively obtained? How may the tri- 
chloride be obtained from the pentachloride and vice 
versd t 

646. What is the action of phosphorus trichloride on 
each of the following bodies? (a) water, (b) sulphur 
trioxide, (c) sulphuric acid, (d) alcohol, (e) sulphuretted 
hydrogen, (/) acetic acid. Give equations. 

647. What is the action of phosphorus pentachloride 
on (a) water in small quantity, (b) excess of water? 
Give also its action on all the other substances men- 
tioned in the previous question. Give equations. 
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648 What is the formula of the substance called 
phosphorus oxychloride ? Give various reactions for 
obtaining it, and state its action on water and on 
alcohol. 

649. How are the bromide and iodide of phosphorus 
obtained, and what is the action of each on water ? 

650. Give the formulae of the two fluorides of phos- 
phorus, and state how each is prepared. 

651 What is the composition of the white fumes 
formed, when a piece of dry phosphorus is exposed to 
air? How is the substance obtained in quantity? 

652. Name the two oxides of phosphorus, give their 
formulae, and state how they are prepared. Represent 
by equations the action of water on each. 

653. Nine grammes of phosphorus pentoxide exposed 
to air gained 276 grammes. Find the percentage com- 
position of the product so obtained. 

654. How could you obtain phosphorus from phos- 
phorous pentoxide? 

655. How much water must be added to 187 grammes 
of phosphoric anhydride so as to convert it into phos- 
phoric acid? 
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656. Give the names, formulae, and percentage com- 
position of the three acids of phosphorus. 

657. What happens when phosphorus is heated with 
(a) solution of potash, (b) solution of barium hydrate? 
Give equations. 

658. How is hypophosphorous acid prepared? What 
occurs when it is (a) heated, (b) added to copper sulphate 
solution, (c) added to silver nitrate solution ? Give 
equations. 

659. Give the constitutional formula of hypophos- 
phorous acid, and the formulae of its potassium and 
barium salts. 

660. Give two different methods for obtaining phos- 
phorous acid, and state what occurs when it is heated. 
Give equations. 

661. Give the volume of the gaseous product at N.T.P. 
which should be obtained by heating 79 grammes of 
phosphorous acid. 

662. Write the formulae of the sodium salts of hypo- 
phosphorous, phosphorous, and phosphoric acids. 

663. Give different methods which may be used for 
preparing ortho-phosphoric acid. 
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664. What changes occur when phosphoric acid is heated 
(n) to 215° C, (b) to a red heat? Give the formula of 
each product, and express the reactions by equations. 

665. How may orthophosphoric acid be prepared from 
bone-ash ? 

666. What is meant by saying that phosphoric acid 
is tribasic? Gire the formulae of the sodium ortho- 
phosphates, and state how they are prepared. 

667. How much phosphoric acid should be obtained 
by the oxidation of 1796 grammes of phosphorus with 
nitric acid ? 

668. What is the composition of the salt obtained by 
adding sodium carbonate to orthophosphoric acid till the 
latter ceases to redden litmus-paper? What salts are 
obtained by adding to this one, (a) phosphoric acid, (b) 
caustic soda? 

669. Give the reaction of silver nitrate on each of 
the salts obtained by the processes mentioned in the 
previous question. 

670. What is microcosmic salt, and how is it prepared? 
What occurs when it is heated ? Give an equation . 

671. When common sodium phosphate is heated till 
it ceases to lose water, what is the composition of the 

H 
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residue? What weight of residue should be obtained 
by heating 193 grammes of the salt? 

672. By what reactions could you distinguish normal 
from common sodium phosphate, and both these salts 
from sodium meta- and pyrophosphates ? 

673. Solution of magnesium sulphate is added to 
sodium phosphate in presence of ammonia and am- 
monium chloride, what substance is precipitated ? What 
salt is obtained by igniting the precipitate ? 

674. To what substance is the name "glacial phos- 
phoric acid" given, and how is it related to the ortho- 
phosphoric acid ? 

675. Give a short account of the phosphates obtained 
by Fleitmann and Henneberg, and show how they are 
related to the other phosphates. 

676. Give a short account of the different sulphides 
of phosphorus. 
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677. Who discovered hydride of arsenic (arsine), and 

how did he obtain it ? Give other methods. 
1 

678. What occurs when an electric current is passed 
through a solution of arsenious acid ? To what purpose 
has this reaction been applied by Bloxam ? 

679. What occurs when arsine is {a) passed through 
a red-hot tube, (&) passed through solution of silver 
nitrate, (c) passed over sulphur exposed to sunlight, (d) 
passed over heated copper oxide? 

680. Give equations to express the reactions which 
occur when phosphine and arsine are separately led 
into solution of silver nitrate. 

681. Describe the tests for arsenic known as " Marsh's 
test " and " Reinsch's test." 

682. What occurs when arsine burns (a) in air, (b) 
in oxygen ? How much oxygen is required for the com- 
plete combustion of 173 c.c. at N.T.P. ? 

683. Express by equations the reactions which occur 

H 2 
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when arsine (a) is passed through solution of potassium 
permanganate, {b) is mixed with chlorine. 

684. What is the ibrmula of the only known chloride 
of arsenic, and how is the substance obtained ? 

685. What is the action of arsenic chloride (a) on 
■water, (6) on ammonia ? 

686. In what different modifications does arsenic tri- 
oxide occur, and how may each be obtained ? * 

687. What weight of the oxide is formed by burning 
3*567 grammes arsenic in a current of oxygen ? 

688. How may arsenic trioxide be obtained in octahe- 
dral and in rhombic crystals ? 

689. What molecular formula would you assign to 
arsenic trioxide knowing that its density is 13*85 
(air - i)? 

690. How is arsenic pentoxide obtained, and what occurs 
when it is heated to a high temperature ? 

691. What occurs when arsenic trioxide is heated in 
contact {a) with charcoal, (d) with acetates ? 

692. Write the formulae of the hydrides, chlorides, 
oxides, and acids of phosphorus and arsenic. In what 
respect do the pyro- and meta-acids of the two elements 
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693. What is the action of arsenious acid on (a) 
chlorine, (b) iodine, (c) bleaching powder ? Give equa- 
tions for the reactions. 

694. Ten grammes bleaching powder containing 347 
per cent, of available chlorine are dissolved in 1 litre 
of water. How much arsenic tri oxide dissolved in potash 
will be required to saturate ioo c.c. of the bleaching 
powder solution ? 

695. What is the best antidote to arsenic poisoning? 
Explain its action. 

696. What is Scheele's green, and how is it prepared 
on the large scale? What percentage of arsenic does 
it contain ? 

697. How is arsenic acid obtained? By what tests is 
it distinguished from arsenious acid? 

698. Give the formulae of the silver and potassium 
salts of arsenious and arsenic acids. 

699. How is the presence of arsenic ascertained in 
cases of poisoning, and how is the amount of the poison 
estimated ? 

700. Give a short account of the compounds of arsenic 
with sulphur and phosphorus. What is the composition 
of realgar and of orpiment ? 
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COMPOUNDS OF SULPHUR. 

701. Describe different methods for directly combining 
hydrogen with sulphur, and give the formula of the 
sulphide produced. 

702. What volume of hydrogen at N.T.P. is required 
to combine with 1 gramme of sulphur ? 

703. How does sulphuretted hydrogen occur in nature, 
and how may its presence be detected ? 

704. How do you account for the occasional presence 
of sulphuretted hydrogen in the air ? 

705. Thorpe found that the mineral water at Harrogate 
contained 10*16 grains per gallon of sulphuretted hydro- 
gen. How mucfh iodine solution (containing 0*005 
gramme iodine in each cubic centimetre) must be added 
to a litre of this water, so as to decompose all the 
sulphuretted hydrogen ? 

706. A piece of sulphur is heated in contact with 
39 c.c. of hydrogen at N.T.P. till combination takes 
place. Find the volume and weight of the sulphuretted 
hydrogen produced. 
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707. How is sulphuretted hydrogen usually prepared ? 
What is it chiefly used for in the laboratory ? 

708. What impurities are present in sulphuretted hydro- 
gen prepared in the ordinary way? How may it be 
obtained {a) in a purer form, (3) perfectly pure ? 

709. Mention various methods for obtaining sulphur 
from sulphuretted hydrogen, and state how the gas may 
be decomposed into hydrogen and sulphur. 

710. How may the composition of sulphuretted hydro- 
gen be ascertained? 

711. Sulphuretted hydrogen is added to each of the 
following bodies, state fully what occurs in each case, 
and give equations for the reactions — (a) chlorine, {6) 
sulphurous acid, (c) iodine, (d) ferric chloride, (e) 
silver nitrate, (/) ammonia, (g) lime, (h) sulphuric 
acid, (*) nitric acid, (J) antimony trichloride, (&) zinc 
chloride. 

712. A litre of sulphuretted hydrogen is burned in 
air. Find the volumes of the products at N.T.P., and 
of the air required for its combustion. 

713. What occurs when a mixture of sulphur and 
paraffin is heated? 

714. How may the formation of sulphur dioxide by 
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the combustion of sulphuretted hydrogen in air be 
demonstrated ? 

715. How did Faraday obtain sulphuretted hydrogen 
in the liquid state ? Describe better methods for effect- 
ing this result. 

716. How is hydrogen persulphide obtained, and 
what are its properties? What views are held with 
regard to its composition? 

717. Compare the sulphides of hydrogen with the 
oxides of hydrogen, and point out their analogies. 

718. What substance is formed by allowing chlorine 
to pass over heated sulphur? When the well-cooled 
product is further treated with chlorine what compound 
results ? 

719. How is sulphur tetrachloride obtained? What 
compounds of sulphur with bromine and iodine have 
been obtained? 

720. When oxygen is passed over heated sulphur, 
what gaseous compound is formed? If the two gases 
were passed over, finely divided platinum, what compound 
would result ? 

721. Sulphur is heated in contact with 173 c.c. of 
oxygen (at a temperature of 15 C. and under a pressure 
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of 753 m.m.) till combination takes place. Find the 
volume of the compound produced, and the weight 
of sulphur contained in it. 

722. How may sulphur dioxide be obtained (a) 
from sulphuric acid, (b) from sodium sulphite? How 
may the gas be liquefied? 

723. Give the volume at N.T.P. of each of the gases 
obtained by heating 489 grammes of charcoal with 
sulphuric acid. 

724. What occurs when sulphuric acid is dropped 
on red-hot platinum ? What quantity of sulphuric acid 
would yield in this way 1297 c.c. of oxygen gas ? 

: 725. Express by equations the reactions which occur 
when strong sulphuric acid is heated with (a) mercury, 

(b) sulphur, (c) copper. 

726. What is the action of each of the following 
bodies on sulphur dioxide? (a) lead dioxide, (b) water, 

(c) hydrogen dioxide, (d) nitric acid. 

727. Give different methods for preparing sulphur 
trioxide, also a short account of its properties, and 
state what occurs when it is passed through a red- 
hot tube. 

■■ 728. How is sulphur sesquioxide obtained, and what 
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occurs when it is heated and when it is added to 
water ? 

729. Give the names and formulae of all oxyacids of 
sulphur. 

730. What acid body is obtained by the action of 
zinc on sulphurous acid? What name was given to 
it at first, and what is its more systematic name? 

731. By what reactions would you distinguish sul- 
phurous acid from Schiitzenberger's acid ? 

732. How would you prepare a solution of sulphurous 
acid in water? W T hy can the acid not be obtained 
except in solution? 

733. What occurs when an aqueous solution of sul- 
phurous acid is (a) exposed to air, (b) added to infusion 
of rose leaves, (c) mixed with chlorine water ? 

734. How does sulphurous acid act as a bleaching 
agent? Compare its bleaching action with that of 
chlorine. Give equations. 

735. What is the action of solution of iodine on 
sulphurous acid in dilute and in strong solutions? 
Express the reactions by equations. 

736. If 432 c.c. of iodine solution (containing 0*005 
gramme iodine in each c.c.) were added to a solution 
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of sulphurous acid (containing a little starch) before a 
blue colour appeared, how much sulphur dioxide was 
in solution? 

737. Express by equations the reactions which occur 
when hydrochloric acid is added to (a) sodium sulphite, 
(b) sodium thiosulphate. 

738. What is the action of sulphur dioxide on iodic 
acid, and how may the reaction- be used as a test for 
the gas? 

739. What is meant by an " antichlor " ? Explain 
the use of sulphur dioxide as an antichlor. 

740. What occurs when sodium sulphite is digested 
with sulphur ? Give the formula of the bpdy produced, 
and show how it is related to sulphite and sulphate 
of sodium. 

741. What reaction occurs when sodium sulphite is 
treated with zinc and a dilute acid? 

742. How -is sodium thiosulphate made on the large 
scale, and what is it used for in photography? 

743. Give all the reactions by which you could dis- 
tinguish a sulphite from a thiosulphate. 

744. What occurs when a solution of iodine is added 
to a solution of sodium thiosulphate? Name all the 
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28. What are the best tests for nitric acid, and t*o w 
Y these tests be applied to the detection of nitrates ? 

29. Starting with nitric acid, how may each of th 
ies and acids of nitrogen t>e obtained? Give eq Ua 
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30. Name all the bodies which can be obtained b ^ 
action of nitric acid of different strengths 011 *in c ^ 

plain the formation of each and give equations. 

31. What is the action of* strong nitric -\r\A / « 

aLid OTA \(Z) 

>hur, {b) mercury, (c) sulphur dioxide ( \ 

isphorus ? > \J J 

32. How much pure nitric is present ' 

ic acid, 100 grammes of wh* icn neu trali 2e * ^ ^011$ of 
e caustic potash ? ^ 3 ^^vruvie s 

33. Name four metals -which ar e 

■ic acid, and state how solutions ae ted 
ained. 

34. What is aqua regin. ? Wh-w 
red to prepare it, and what 

35. What is the fey 
v is it related^M 
salts obtain^! 
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760. How much sulphuric acid should be theoretically 
obtained from 197 tons of iron pyrites, if the burnt ore 
contained 274 per cent, of sulphur ? 

761. What occurs when sulphuric acid vapour is 
heated ? 

762. What occurs when sulphuric acid is left exposed 
to the air ? 

763. What is the action of sulphuric acid on lead ? 
What is the composition of the precipitate which 
forms when commercial sulphuric acid is diluted with 
water ? 

764. How would you detect the presence of arsenic 
in sulphuric acid, and how do you account for its 
presence ? 

765. How much sulphuric acid is contained in a litre 
of a liquid, of which 100 c.c. require 1*97 gramme barium 
chloride for complete precipitation ? 

766. How much sulphuric acid is required exactly 
to decompose 2 '345 grammes of sodium carbonate ? 

767. How would you prepare a solution of sulphuric 
acid, such that each cubic centimetre should contain 
0*098 gramme H 2 S0 4 ? 



Digitized by 



COMPOUNDS OF SULPHUR. 1 1 1 



768. What is the action of strong sulphuric acid on 
each of the following bodies ? (a) sodium nitrate, (&) 
oxalic acid, (c) lead, (d) zinc, (e) potassium chloride, 
{/) manganese dioxide. Give equations. 

769. What is the action of sulphuric acid on organic 
matter such as sugar? 
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COMPOUNDS OF SELENIUM. 

770. How is seleniuretted hydrogen usually obtainc 
Compare its properties with those of sulphuref 
hydrogen. 

771. What oxide is formed by burning selenium 
oxygen? What is the action of water on it? 

772. Give the names and formulae of the oxychlori 
and chlorides of selenium which have been obtained. 

773. Give a short account of the acids of seleniu 
and point out their analogies with the acids of sulphur. 
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COMPOUNDS OF TELLURIUM. 

774. How is telluretted hydrogen obtained, and what 
is the weight of a litre of it at N.T.P. ? 

775. Write the formulae of all the corresponding 
compounds of sulphur, selenium, and tellurium which 
contain (a) hydrogen, {b) chlorine, (c) oxygen, and {d) 
hydrogen and oxygen. 

776. How much oxygen at N.T.P. would be taken 
up in each case by burning 69 grammes of {a) sulphur, 
(6) selenium, (<f) tellurium, in air? 
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SECTION II. — METALS AND THE1K 
COMPOUNDS. 

INTRODUCTORY SUBJECTS. 

777. How are the metals distinguished from the non- 
metals? Name some elements which cannot well be 
placed in either class. 

778. To what substances was the name metalloid 
originally applied, and how is it now used ? 

779. How would a chemist proceed to examine a new. 
element so as to decide whether to class it with the 
metals or the non-metals? 

780. What is meant by each of the following terms 
applied to metals ? (a) tenacity, (6) malleability, (c) 
ductility, (d) lustre, (e) conductivity for heat and elec- 
tricity. 

781. How does increase of temperature usually affect 
(a) the malleability, (6) the tenacity, (c) the conductivity 
of metals? 
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782. How would you obtain lead, tin, bismuth, silver, 
and potassium in well-defined crystals? 

783. Arrange in order of (a) fusibility, (£) ductility, 
(c) tenacity, (d) specific gravity, {e) conductivity, the 
following list of metals — iron, gold, mercury, silver, 
potassium, zinc, lead, lithium, platinum, antimony, copper, 
tin, and bismuth. 

784. What property do you regard as most charac- 
teristic of the metals ? 

785. When the terminals from a galvanic battery are 
placed in an easily decomposed metallic chloride, at 
which pole should the metal appear? How are the 
metals and metalloids classified from their electrical 
relations ? 

786. Define the terms "specific heat" and "atomic 
heat." How would you ascertain the specific heat of 
mercury and of sodium ? 

787. A kilogramme of mercury at ioo° C. was mixed 
with one of water at jo 3 C. The temperature of the 
mixture fell to i2*°98 C. Find the specific heat of the 
mercury. 

788. Describe Bunsen's ice calorimeter. 

789. How does the determination of the specific heat 
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of an element serve to control the determination of com- 
bining weight? 

790. How may the atomic heat of an element be 
ascertained from the molecular heat of one of its 
compounds ? 

791. What are alloys and amalgams? What is re- 
markable about the fusing point of alloys ? 

792. Explain the terms "atomicity of the elements" 
and " quantivalence of the metals." 

793. Arrange the elements in the order of their 
combining weights from hydrogen to bromine, and 
point out any coincidences which that arrangement 
suggests. 

794. Give a short account of Mendelejeffs re- 
searches on the connection between the atomic weights 
and the chemical and physical properties of the 
elements. 

795. Point out how Mendelejeffs classification has 
aided chemical investigations. 

796. Give a short history of the various researches 
on light which led to the introduction of spectrum 
analysis by Bunsen and Kirchhoff. 

797. How has spectrum analysis advanced our know- 



Digitized by 



120 QUESTIONS ON CHEMISTRY. 

ledge {a) of the sun and stars, {b) of the metals, (c) 
of the distribution of the elements ? ■ 

798. Describe the construction of a spectroscope, 
and explain how it is used for the detection of {a) 
metallic salts, (6) gases, (c) coloured liquids such as 
blood, solution of permanganates, &c. What are absorp- 
tion spectra? 
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MONADS. 

LITHIUM. 

799. How does lithium occur in nature ? From 
what sources, and how, are the lithium compounds 
prepared ? 

800. How is the metal obtained, and what are its 
properties ? Give reasons for classing it with the 
alkali metals. 

801. How much lithium by bulk would weigh the 
same as 1 c.c. of platinum? 

802. By what reactions is lithium distinguished from 
potassium and sodium? How could small quantities 
of lithium salts be detected in a mineral water? 
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SODIUM. 

803. Mention the chief natural sources of sodium 
compounds. How is the metal prepared on the large 
scale, and what is it chiefly used for ? 

804. Give a full account of Leblanc' s process for the 
preparation of soda from common salt, and illustrate the 
changes which occur by equations. 

805. What improvements on the original process of 
Leblanc have been recently introduced? 

806. In practice 1,800 lbs. of salt (containing 2*4 per 
cent, of impurities) are treated with 1,800 lbs. of vitriol 
having a specific gravity of 1*42 (= 52 8 per cent. H 2 S0 4 ) 
for the preparation of salt-cake. Find how much hydro- 
chloric acid and sodium sulphate should theoretically 
be obtained from these quantities of material. 

807. For the preparation of black ash, 224 lbs. each 
of salt-cake and limestone are fused with 140 lbs. coal. 
What quantities are theoretically required for this weight 
of salt-cake? 

808. What are the chief constituents of commercial 
salt-cake, black ash soda ash, and caustic soda ? 
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809. How are each of the substances mentioned in 
the previous question analysed? 

810. What is "vat waste," and what useful products 
may be obtained from it ? 

811. Describe Mond's process for the recovery of 
sulphur from vat waste, and state the principles in- 
volved in the process. 

812. Describe Hargreaves' process for the manufac- 
ture of salt-cake without the use of sulphuric acid. 

813. How is black ash treated so as to obtain (a) 
soda ash, (£) caustic soda, (c) soda crystals (crystallized 
sodium carbonate) ? 

814. How is sodium bicarbonate prepared on the 
large scale ? Is its reaction alkaline, acid, or neutral ? 
Why is it called an acid salt, and what occurs when 
it is heated? 

815. How would you make a complete quantitative 
analysis of (a) salt-cake. (£) soda ash, (c) caustic soda ? 

816. Describe the process called the ammonia-soda 
process, and give the reactions on which it depends. 

817. Describe the various methods in use for obtaining 
common salt from (a) sea-water, (b) brine springs, {c) 
salt beds. 
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8 1 8. How is perfectly pure caustic soda obtained? 
What are the chief impurities in the commercial 
product ? 

829. By what reactions are the sodium compounds 
usually recognised t Name any insoluble sodium salts. 
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POTASSIUM. 

820. What are- the chief natural sources of the 
potassium compounds ? Suggest a process for obtain- 
ing potash from felspar. 

821. Describe the various methods of Davy, Gay 
Lussac and Thenard, and Matthiessen, for the prepara- 
tion of potassium, and state how it is now obtained 
on the large scale. 

822. How did Dittmar and Dewar determine the 
vapour density of potassium, and what was the result ? 

823. How may caustic potash be obtained perfectly 
pure ? 

824. How is potassium chlorate prepared on the large 
scale ? 

825. How is the presence of potassium nitrate in the 
soil in certain parts of India accounted for ? 

826. Describe the process for the artificial prepara- 
tion of nitre. By whom and under what circumstances 
was it introduced ? 

827. Describe the experiments of Schlcesing and 
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Miintz and of Warington on nitrification, and state the 
conditions necessary for the success of the process. 

828. What are the constituents of gunpowder, and 
how is it made? 

829. Mention the chief gaseous and solid products 
obtained by the explosion of gunpowder. How is the 
formation of each accounted for ? 

830. Taking the composition of gunpowder as 75 nitre, 
10 sulphur, and 15 charcoal in 100 parts, and assuming 
that all the carbon is converted into carbon dioxide, 
and all the nitrogen obtained in the free state, find 
the volume of these gases at N.T.P. which should 
be evolved by the explosion of one gramme of the 
powder. 

831. Able and Noble found that 1 gramme of gun- 
powder yielded by explosion in a closed vessel 280 c.c. 
of gases at N.T.P. What volume would they occupy 
at 2200 C. which is the temperature at the moment 
of exploding? 

832. A piece of potassium when thrown on water 
yielded enough potash to neutralize exactly 79 c.c. of 
a solution of sulphuric acid containing 9 8 grammes 
H 2 S0 4 per litre. Find the weight of the potassium. 
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833. How are the nitrite and carbonate of potassium 
obtained, and what are their properties ? 

834. How could you prepare potassium carbonate 
from the bicarbonate, and vice versd f 

835. What weights of potassium carbonate and of 
bicarbonate would be required to yield when treated 
with acid 1 litre of carbon dioxide at N.T.P. ? 

836. How are the potassium salts distinguished from 
those of ammonium and sodium? 

837. Discuss the reasons for supposing that the salts 
of ammonia contain a hypothetical metal " ammonium." 
What is the so-called ammonium amalgam ? 

838. Compare the salts of potassium with those of 
ammonium, and point out their analogies. 

839. What is meant by dissociation? Describe an 
experiment which proves the dissociation of ammonium 
chloride. 

840. Describe the preparation of the carbonates and 
sulphides of ammonium. 
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RUBIDIUM AND CAESIUM. 

841. Give a short account of Bunsen's discovery of 
rubidium and caesium, and give reasons for classing 
them with the alkali metals. 

842. How is rubidium chloride obtained from lepi- 
dolite ? 

843 How is the metal rubidium prepared, and what 
are its properties? 

844. Give the derivation of the names rubidium and 
caesium. 

845. How may caesium and rubidium salts be 
separated ? 

846. What is the formula for caesium alum? How 
can pure caesium sulphate be obtained from it? 



Digitized by 



MONADS—SILVER. 129 



SILVER. 

847. How is silver extracted from its ores {a) in 
Mexico, (b) in Freiberg? 

848. Describe the processes for the extraction of 
silver known as ZiervogePs, Augustin's, and Von 
Patera's. Explain the chemical reactions involved in 
each process. 

849. What is the composition of English silver coin ? 
How is the assay of an alloy of silver performed by the 
dry and wet methods ? 

850. How is silver extracted by the cupel lation pro- 
cess ? How is the " spitting " of silver in this process 
accounted for? 

851. What occurs (a) when silver is heated to redness 
in air, (b) when steam is passed over melted silver, 
(c) when hydrochloric acid gas is passed over hot finely 
divided silver, (d) when chlorine is passed over heated 
silver ? 

852. How are the oxides, chloride and nitrate of silver 
prepared, and what are their properties ? 

853. Of what use are the silver salts in photography? 

K 
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How is a negative taken, and how is a " print n obtained 
from it ? State in each case how the result is rendered 
permanent. 

854. Give a short historical sketch of the discovery 
of photography, and state the improvements due to 
Wedgwood, Niepce, Daguerre, Fox Talbot, Herschell, 
and Archer. 

855. How is silver nitrate used in the analysis of 
chlorides, and how would you determine the amount 
of silver in a coin ? 

856. 2 '97 1 grammes of a metallic chloride on pre- 
cipitation with a silver salt yielded 4 098 grammes 
silver chloride. Find the per cent, of chlorine in the 
salt, and its formula. 

857. What happens when pure hydrogen is left in 
contact with solution of silver nitrate ? 

858. Russell found that 105*3 c.c. or* hydrogen at 
N.T. P. precipitated 1*0089 gramme silver from a solu- 
tion of silver nitrate. Calculate from this result the 
combining weight of silver. 
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THALLIUM. 

859. How is thallium tound in nature, and from what 
substance is it most conveniently obtained? Describe 
the methods of preparation. 

860. Discuss the position of thallium among the 
metals, and point out its analogies to the alkali metals, 
and to lead. 

861. How did Crookes determine the combining weight 
of thallium? 

862. How could you separate thallium from a mixture 
containing the chlorides of lead, thallium and potas- 
sium ? 

863. Find the percentage of thallium in a sample of 
thallium chlorate, of which 0*223 gramme yielded 03 138 
gramme double chloride of platinum and thallium. To 
what formula do these results correspond ? 

864. Give the formulae for the oxides, chlorides, and 
hydrate of thallium, and state how each is obtained. 
What is the action of the hydrate on solutions of iron 
and aluminium ? 

865. How is thallium detected and estimated ? 

K 2 



Digitized by 



132 QUESTIONS ON CHEMISTRY. 



DYADS. 

CALCIUM. 

866. What is the composition of the following min- 
erals containing calcium? (a) aragoriite, (b) fluorspar, 
(c) gypsum, (d) calcite, (e) dolomite, (/) anhydrite, 
(g) Iceland spar, (h) selenite, (*) apatite, and (/) marble. 

867. How is the metal calcium prepared, and what 
are its properties? 

868. How much lime should be obtained by heating 
to redness 2726 kilogrammes of calc-spar, and how 
much calcium hydrate should be obtained on slaking 
the product? 

869. How is lime prepared on the large scale ? How 
are hydraulic mortars obtained ? 

870. Enumerate the chief uses of lime, and state 
the causes of the hardening of mortar. 

871. Starting with a piece of marble, how would ydu 
prepare (a) lime-water, (b) milk of lime, (c) calcium 
chloride, (d) quick-lime? 
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872. Represent by equations the reactions which occur 
when chlorine is led into cold and into hot milk of 
lime. 

873. A litre of water at io° C. when saturated with 
carbon dioxide, dissolves o*88 gramme calcium carbonate. 
What volume of such water contains 100 tons of calcium 
carbonate ? 

874. Explain the formation of stalactites, stalagmites, 
and petrifactions. 

875. What is the cause of temporary, and of permanent 
hardness in water ? How may each kind of hardness 
be removed or modified? 

876. How is Clark's soap test applied to determine 
the hardness of water ? How can it be used to ascertain 
both the temporary and permanent hardness ? 

877. What is plaster of Paris and how is it made? 
What loss of weight should one pound of pure selenite 
suffer when heated to 200 C. ? 

878. Sea-water contains 1 '33 gramme calcium sulphate, 
and 0*047 gramme calcium carbonate in 1,000 grammes. 
Find what weight of the water treated with ammonium 
oxalate should yield 3*24 grammes calcium oxalate. 
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STRONTIUM. 

879. By whom was strontium discovered, and why 
was the name given to the metal ? Who first obtained 
the metal and in what year ? 

880. How could you obtain strontium nitrate {a) from 
strontianite, (J?) from celestine ? 

881. Give the formulae of the hydrates of strontium 
and state how each is obtained. 

882. How could you obtain sulphur from strontium 
sulphate ? 

883. A litre of water at the ordinary temperature 
dissolves 0*145 gramme strontium sulphate. Find how 
much of this solution would be required exactly to 
precipitate one gramme of barium chloride. 

884. How are strontium salts distinguished from those 
of calcium ? 
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BARIUM. 

885. Name the common minerals which contain • 
barium, and state how the metal is best obtained. 

886. What is baryta, and how is it prepared ? What 
is the action of water on it ? 

887. Describe Pettenkofer's method for determining 
the amount of carbonic acid in air by means of baryta. 

888. What occurs when barium monoxide is heated 
in a current of air or oxygen ? What occurs on heating 
the product strongly ? 

889. How are chloride and nitrate of barium prepared 
on the large scale, and what are their chief uses ? 

890. How could you obtain oxygen from barium 
sulphate ? 

891. How may barium sulphate be distinguished from 
the sulphates of lead and strontium ? 

892. What occurs when barium sulphate is fused 
with sodium carbonate? Represent the reaction by 
an equation. 

893. What substances when heated in a non-luminous 
flame tinge it green ? How are they distinguished ? 
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MAGNESIUM. 

894. What is the composition of the following naturally 
occurring magnesium compounds, and which are used 
as sources of magnesium salts? (a) talc, (b) carnallite, 
(c) meerschaum, (d) magnesite, (e) asbestos, (/) serpen- 
tine, (g) dolomite, (A) kieserite, (/) spinelle. 

895. Describe fully the preparation of magnesium 
(a) on the small scale by Bunsen's method, (b) on the 
large scale by Deville and Caron's process. 

896. How is the crude metal purified and made in 
the form of wire and ribbon? What is magnesium 
chiefly used for? 

897. What occurs when magnesium is (a) burned 
in air, (b) placed in boiling water, (c) heated in con- 
tact with ammonia or nitrogen, (d) heated in a covered 
Hessian crucible in an ordinary coal-fire, (e) heated 
with boron trioxide? 

898. What occurs when solution of magnesium chloride 
is evaporated to dryness ? How is anhydrous magnesium 
chloride obtained ? 



Digitized by 



DYADS—MAGNESIUM, 137 

899. How is magnesium sulphate obtained from kiese- 
rite and from dolomite ? 

900. What is the composition of the precipitate pro- 
duced by adding a soluble phosphate to a solution of 
a magnesium salt containing ammonia and ammonium 
chloride? What occurs on heating this precipitate? 
Give an equation. 

901. How are the following magnesium compounds 
obtained, and what is the composition of each? (a) 
calcined magnesia, (b) fluid magnesia, (c) magnesia 
alba. 

902. Give an account of Black's experiments on 
magnesia by which he clearly proved the nature of 
the difference between carbonated and caustic alkalies. 
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ZINC. 

903. Name the chief ores of zinc, and describe the 
processes used for its extraction by the Silesian, Belgian, 
and English processes. 

904. What impurities are usually present in com- 
mercial zinc ? How may each be detected, and how 
may zinc be obtained perfectly pure ? 

905. Under what conditions of temperature is zinc 
malleable or brittle ? How is sheet zinc made ? 

906. How is the so-called "galvanised iron" made, 
and what advantages does it possess over sheet iron ? 

907. What is the action of acids, alkalies, and water 
on zinc ? What is the copper zinc couple, and what is 
it used for? 

908. Give the composition of the common alloys, 
containing zinc. 

909. How is zinc oxide made? Describe the pre* 
paration of the chloride and sulphate, and give their 
properties. 

910. How has the vapour density of zinc been deter- 
mined and with what result ? 
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CADMIUM. 

911. How may the presence of cadmium in ores of 
zinc be ascertained? 

912. How is the metal cadmium obtained on the 
large scale ? 

913. What occurs when zinc is added to solutions 
of cadmium salts? 

914. How is cadmium hydrate obtained, what is its 
formula, and how is it distinguished from zinc hydrate ? 
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COPPER. 

915. Name the chief ores of copper, and state from 
which the metal is most commonly obtained. 

916. Describe fully the Welsh process for the extrac- 
tion of copper from its ores. How is copper extracted 
at Mansfeld in Prussia? 

917. Describe the processes for assaying copper ores 
known as the Cornish method and the wet method. 

918. What processes have been proposed for obtaining 
copper from the burnt pyrites of sulphuric acid works ? 

919. What is the action on copper of each of the 
following bodies? (a) sulphuric acid, (d) ammonia, (c) 
nitric acid, (d) chlorine. 

920. What happens when steam is passed over copper 
intensely heated ? 

921. How Is copper hydride obtained, and what is 
its formulae ? What is the action of hydrochloric acid 
on it ? 

922. How are cuprous and cupric oxides prepared ? 
Give two methods for each. 
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923. Give the formulae for the chlorides of copper 
and describe their preparation. What is the action of 
cuprous chloride on carbon monoxide ? 

924. How is copper sulphate obtained commercially ? 
What occurs (a) when it is heated, (3) when ammonia 
is added to a solution of it ? 

925. What is the composition of each of the follow- 
ing bodies? (a) malachite, (b) atacamite, (c) verdigris, 
(d) chrysocolla, (t) Scheele's green. 

926. What happens when potassium iodide is added 
to a solution of copper sulphate ? 
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MERCURY. 

927. How does mercury occur in nature, and how 
is it extracted by (a) the Almaden process, (b) the 
Idrian process, (c) the Palatinate process? Describe 
the methods employed for assaying mercury ores. 

928. How is mercury freed from other metals and 
obtained pure? At what temperatures does it freeze 
and boil? 

929. How did F araday prove that mercury is volatile 
at ordinary temperatures ? 

930. Starting with mercury, how may the oxides and 
chlorides of mercury be prepared ? 

931. How may calomel be prepa/ed from corrosive 
sublimate, and what is the antidote to poisoning with 
the latter? 
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TRIADS. 

ANTIMONY. 

932. How is antimony prepared from the sulphide, 
and what are the chief uses of the metal? 

933. How is amorphous antimony obtained, and what 
are its properties ? 

934. Give different methods for the preparation of 
antimoniuretted hydrogen (stibine). 

935. What happens when stibine is passed (a) into 
silver nitrate solution, (&) over sulphur exposed to light, 
(c) into solution of potassium permanganate, (d) through 
a red-hot tube ? 

936. Give an equation to represent the action of 
stibine on sulphur, and state how the reaction was used 
to ascertain the composition of the gas. 

937. Give all the reactions you know for distinguishing 
stibine from arsine. 

938. How are the trichloride, pentachloride and oxy- 
chloride of antimony prepared ? What is the action 
of water on each ? 
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939. Compare the compounds of antimony with those 
cf arsenic and phosphorus, and point out the analogies 
between them. 

940. What is the composition of tartar emetic ? How 
is the salt prepared? 

941. How has the combining weight of antimony been 
determined? What is the result of the most recent 
determinations ? 

942. What is the action of strong hydrochloric acid 
on antimony trisulphide, and of the products on each 
other? Give equations. 

943. What volume of sulphuretted hydrogen at N.T.P. 
is required to precipitate completely 7*89 grammes of 
tartar emetic? 
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BISMUTH. 

944. How Is bismuth^ obtained in well-defined crystals, 
and what is its crystalline form ? 

945. Describe the liquation process for obtaining bis- 
muth, and also the process by reduction with iron. 

946. What are the constituents of "fusible metal"? 
At what temperature does it melt, and what are its 
uses? 

947. What are the properties of bismuth, and how 
is a solution of it most easily made? 

948. Give equations for the reactions which occur 
when phosphorus, arsenic, antimony, bismuth, and tin 
are treated with nitric acid. 

949. Suggest methods for preparing a compound of 
bismuth with hydrogen. 

950. Give two methods for obtaining bismuth chloride. 
What is its formulae, and what is its action on water ? 

951. What are the most characteristic tests for bis- 
muth salts ? How could you distinguish the oxychlorides 
of bismuth and antimony ? 

L 
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GOLD. 

952. Give a short account of the natural occurrence 
and distribution of gold. 

953. How is the quantity of gold in auriferous minerals, 
and in gold bullion ascertained ? 

954. Describe how gold is extracted (a) by placer 
mining, (&) by vein mining, (c) by hydraulic mining. 

955. Give a short account of Plattner's chlorination 
process for the extraction of gold. 

956. How is gold separated from silver and copper 
by "parting"? 

957. How may gold be refined by means of chlorine ? 

958. How may a solution of gold be obtained ? Name 
any reagents which precipitate metallic gold from the 
chloride. 

959. What are the properties of gold? State the 
action of acids and alkalies on it, and how the oxides 
of gold are obtained. 
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TETRADS. 

TIN. 

960. From what ore is tin invariably prepared ? De- 
scribe the various processes employed in its extraction. 

961. How is tin-plate made? What is the composi- 
tion of the following alloys of tin ? (a) pewter, (b) solder, 
{f) gun-metal, (d) bronze, (e) speculum metal, (/) 
Britannia metal, 

962. Express by equations the action of nitric, hydro- 
chloric and sulphuric acids on tin. 

963. How are each of the chlorides of tin prepared? 
Why does stannous chloride solution become turbid 
after exposure to air, and how may this be prevented? 

964. What occurs when zinc is added to an acid 
solution of stannous chloride? What is the action of 
stannous chloride on mercuric chloride and on ferric 
chloride? 

965. What is the constitution of stannic and of meta- 
stannic acids, and how is sodium stannate prepared ? 

L 2 
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ALUMINIUM. 

966. Name some of the most abundant minerals con- 
taining aluminium, and give the composition of cryolite, 
orthoclase, and wavellite. 

967. By whom and when was the metal aluminium 
first prepared? What are its properties? 

968. How is aluminium prepared on the large scale, 
and what is it chiefly used for ? 

969. Find the quantity of sodium which is theoreti- 
cally required to decompose 197 pounds of the double 
chloride of aluminium and sodium. How much potas- 
sium would be required for the same purpose ? 

970. What is the composition of the ruby, and how 
may it be prepared artificially? 

971. What is the action of the common acids and 
alkalies on aluminium? Starting with metallic alu- 
minium, how would you prepare potash alum ? 

972. How are aluminium chloride and the double 
chloride of aluminium and sodium prepared ? 

973. How are aluminium sulphate, alum cake, and 
common alum respectively obtained ? 
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974. What is the constitution of the alums? Give 
the formulae for each of the following — ammonia alum, 
chrome alum, and silver alum. 

975. How much ammonia alum contains 156 grammes 
of aluminium ? How much aluminium sulphate and am- 
monium sulphate must be used to obtain 1,897 grammes 
of the alum? 

976. What is a " mordant "? Explain how alum is 
used as a mordant. 

977. What occurs when aluminium acetate solution 
is boiled? How is the substance used in calico- 
printing ? 

978. Give a short description of the manufacture of 
glass and of pottery. 
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MANGANESE. 

979. What is pyrolusite, and how may manganese be 
prepared from it? What is the action of manganese 
on water? 

980. Give a short account of each of the oxides of 
manganese, and state how they may be obtained from 
the dioxide. 

981. Which oxide of manganese loses, when heated 
till constant, 3*37 per cent, of oxygen ? 

982. How much pure manganese dioxide is required 
when heated in a current of hydrogen to yield 798 
grammes of water? 

983. Express by equations the action of hydrochloric 
and sulphuric acids on each of the oxides of manganese. 

984. What evidence is there for supposing the exist- 
ence of a tetrachloride of manganese ? 

985. How are manganate and permanganate of potas- 
sium prepared, and what are their properties ? 

986. What is the action of each of the following 
bodies on solution of potassium permanganate? (a) 
hydrogen, (J?) ammonia, (c) stibine, {d) ferrous sulphate, 



Digitized by 



TETRADS— MANGANESE. 151 

(e) oxalic acid, (/) sulphuretted hydrogen, (g) manganese 
chloride, 

987. How is manganese dioxide recovered, by Weldon's 
process, from manganese chloride ? 

988. When the higher oxides of manganese are heated 
in a current of hydrogen, what body remains, and what 
are its properties? 

989 2*6789 grammes of an oxide of manganese when 
heated till constant in hydrogen left a residue which 
weighed 2*4907 grammes. Find the composition of the 
oxide. 

990. Give three distinct methods for ascertaining t>e 
quantity of MnO s in a sample of commercial manganese 
dioxide. Describe the advantages of each method. 

991. 0*139 gramme of pyrolusite when treated with 
hydrochloric acid yielded enough chlorine to liberate 
0*336 gramme iodine from potassium iodide. Find the 
percentage of Mn0 2 in the pyrolusite. 

992. Represent by equations the action of sulphuric 
acid, and of sulphuric acid in presence of potassium 
oxalate on manganese dioxide. 

993. What happens when (a) manganese chloride and 
(fi) manganese dioxide are strongly heated in air ? 
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994. How is potassium manganese alum prepared? 
Give the proportions of each constituent required. 

995. In an analysis of pyrolusite by Fresenius' method, 
the following results were obtained : — 

2*2711 grammes of the oxide yielded 17091 gramme 
carbon dioxide. Find the percentage of MnO s in the 
oxide. 

996. 07804 gramme of a hydrated oxide of manganese 
left, when heated in hydrogen, 5674 gramme residue. 
Find the percentage of manganese and the formula of 
the hydrate. 

997. What weight of manganese dioxide when heated 
should yield 276 litres of oxygen at 14 C, and 754 m.m. 
pressure ? 
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CHROMIUM. 

998. What is chrome iron ore, and how is it treated 
so as to prepare potassium chromate ? 

999. Describe the preparation of the chlorides and 
oxides of chromium, and state from which the metal 
may be most easily obtained. 

1000. How may potassium bichromate be converted 
into the chromate and vice vers&t 

100 1. Give equations for the reactions which occur 
when each of the following bodies is added to solution 
of potassium bichromate — (a) silver nitrate, (b) sulphuric 
acid, (c) potash, (d) sulphuretted hydrogen, (e) sulphur 
dioxide. 

1002. What is the formula for chrome alum? Give 
two distinct methods for preparing it. 

1003. What occurs when the bichromate of potas- 
sium and the bichromate of ammonium are separately 
heated ? 

1004. What is chlorochromic acid, and how is it 
prepared? What is its action on water? Express 
the reactions by equations. 
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1005. Compare the analogous compounds of chromium 
and sulphur, and name any chromium compounds which 
are isomorphous with the corresponding sulphur ones. 

1006. What happens when a solution of chromic acid 
is treated with zinc ? 

1007. How much oxygen by weight and volume should 
be evolved by heating 2*98 grammes of potassium bi- 
chromate with sulphuric acid, and how much chlorine 
should be evolved on treating the same quantity with 
hydrochloric acid? 

1008. What is the composition of the crystalline sub- 
stance formed by treating potassium bichromate with 
strong hydrochloric acid? 

1009. What are the most characteristic tests for the 
compounds of chromium? 
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IRON. 

1010. Write a list of the most abundant compounds 
of iron found naturally, and state which are used as 
sources of the metal. 

ion. In what bodies is iron found native? How 
could you ascertain whether a body contained native 
or combined iron ? 

1012. How is chemically pure iron obtained, and what 
are its properties ? 

1 013. Describe processes for the assay of iron ores : 

(a) by the dry method, (6>) by means of potassium 
permanganate. 

1 014. State briefly how the complete quantitative 
analysis of an iron ore is made, indicating particularly 
how the quantities of sulphur, manganese, phosphorus, 
silica, and iron are ascertained. 

1015. Describe how malleable iron is obtained by each 
of the following processes — (a) by the Catalan forge, 

(b) by Siemens' process. 

1016. How is cast-iron made? Sketch an ordinary 
blast-furnace, and explain fully how it is used. 
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1017. Explain the theory of the iron blast-furnace, and 
illustrate by equations the most important reactions 
which occur in the manufacture of cast-iron. 

1018. What is the effect of the hot and of the cold 
blast on the quality of the cast-iron produced in the 
blast-furnace ? 

1019. What is the difference in composition between 
grey and white cast-iron ? What is the action of acids 
on each kind ? 

1020. What is u spiegeleisen " ? How is it made, and 
what is it chiefly used for ? 

102 1. How is cast-iron treated so as to obtain wrought- 
iron ? How do they differ in composition ? 

1022. What impurities render iron "red-short" and 
"coldshort"? 

1023. How is steel made : (a) by the cementation 
process, (b) by Bessemer's process ? Sketch the furnaces 
required for each method. 

1024. Describe processes for the analysis of cast-iron, 
wrought-iron,* and steel. Describe also Eggertz's pro- 
cess for the determination of carbon in iron and steel. 

1025. Give a full account of the properties of iron. 
What is iron rust, and how is it produced ? 
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1026. What is meant by the passive condition of 
iron? 

1027. What is the action of dilute sulphuric acid on 
iron ? What is the cause of the disagreeable odour 
produced when iron is dissolved in acids? 

1028. Starting with ferrous sulphate, how could you 
obtain (a) metallic iron, (b) ferrous oxide, (c) iron sesqui- 
oxide, (d) magnetic iron oxide ? 

1029. How are ferrous and ferric chlorides and sul- 
phates prepared, and by what reactions are ferrous 
distinguished from ferric compounds ? 

1030. How is ferric oxide used in the purification of 
coal-gas ? Explain the reaction and state its advantages 
over other methods. 

103 1. State the reactions (if any) which occur when 
the following reagents are added respectively to ferrous 
and ferric chlorides — (a) hydrated ferrous oxide, (b) 
barium carbonate, (c) sodium carbonate, (d) potassium 
iodide, (<?) sulphuretted hydrogen. Give equations. 

1032. Find the formulae of an iron salt which contains 
in 100 part? 48 oxygen, 24 sulphur, and 28 iron. 

1033. The crystallised double sulphate of iron and 
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Ammonia contains one-seventh of its weight of iron : 
find its formulae. 

1034. What volume of hydrochloric acid gas at N.T.P. 
is required to convert 89 grammes of pure iron into 
ferrous chloride, and what volume of chlorine at N.T.P. 
would convert the latter into ferric chloride ? 

1035. How is iron alum made? Calculate its per- 
centage composition. 
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COBALT. 

1036. How does cobalt occur in nature ? How is the 
metal prepared, and what are its properties ? 

1037. What is the colour when anhydrous of (a) cobalt 
chloride, (b) cobalt iodide? What changes occur on 
the addition of water to each ? 

1038. Give a short account of the ammonio-cobalt 
bases. 

1039. What is the action on cobalt chloride : (a) of 
potassium nitrite, (b) of potassium cyanide ? 

1040. By what reactions is cobalt usually recognised? 
How is it distinguished from nickel ? 
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NICKEL. 

1041. Give a short account of the metallurgy of nickeL 
What is its chief use in the arts ? 

1042. Describe a chemical process for preparing nickel 
perfectly free from cobalt. 

1043. What is the composition of German silver ? 

1044. Compare the properties of nickel and cobalt, 
and point out the chief differences between them. 

1045. It has been suggested that nickel and cobalt are 
really different forms of the same element. Give reasons 
for and against this hypothesis. 

1046. How may the native sulphides of nickel, cobalt 
and iron be distinguished from each other ? 

1047. How is nickel sulphate prepared, and how much 
of the metal would be required to prepare 798 grammes 
of the crystallised salt? 
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PLATINUM. 

1048. How does platinum occur in nature, and how 
is the metal prepared (a) by Wollaston's process, (6) 
by the process of Deville and Debray ? 

1049. Describe the apparatus of Deville and Debray 
for fusing platinum. 

1050. Why are platinum vessels frequently employed 
by chemists ? Name substances which attack platinum. 

1 05 1. What are platinum black and spongy platinum ? 
How are they each prepared, and how do they differ 
from ordinary platinum ? 

1052. How is platinum tetrachloride prepared, and 
how may the metal be obtained from it? 

1053. Express by equations the action of ammonium 
chloride on platinum chloride, and of heat on the 
product. 

1054. What is the action (if any) of each of the 
following bodies when heated with platinum ? (a) potash, 
(6) silica, (c) nitric acid, (</) carbon, {e) lead, (/) sodium 
carbonate, (g) phosphorus, (h) chlorine, (*) sulphur, 
O) potassium bisulphate. 

M 
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LEAD. 

1055. What is the composition of the following lead 
compounds? (a) massicot, (b) galena, (c) litharge, (d) 
cerussite, (e) red lead, (/) pyromorphite, (g) anglesite. 

1056. Describe methods for the assay of lead ores, 
and also for estimating the quantity of silver in argenti- 
ferous galena. 

1057. How does lead sulphide itself serve for the 
reduction of the ore, without the addition of reducing 
agents ? Give equations. 

1058. Describe the processes for lead-smelting in (a) 
reverberatory furnaces, (b) in blast-furnaces, (c) in shallow 
hearths. 

1059. What is "lead fume," and what arrangements 
are made to collect it ? - 

1060. Describe fully Pattinson's process for the de- 
silverisation of lead ; also the subsequent process of 
cupellation to obtain the silver. 

106 1. How are lead pipes'and sheet-lead made? 

1062. What is the action of water on lead ? Whether 
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does rain, river, or distilled water act most on lead, 
and what is the reason? 

1063. How may lead be obtained chemically pure ? 
Describe methods for obtaining metallic lead in crystals. 

1064. What is the action of each of the common acids 
on lead? Describe the nitrate, chloride, and sulphate 
of lead. 

1065. Describe the oxides of lead, and give methods 
for their preparation. 

1066. How is lead tetrachloride prepared, and what 
occurs when it is added to water? 

1067. Describe the manufacture of acetate of lead 
and of white-lead. What is the composition of white- 
lead? 

1068. What is the action of nitric acid on red-lead 
and on galena? 
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PENTAD. 

VANADIUM. 

1069. Give a short account of the occurrence of 
vanadium in nature, and state how the metal is obtained. 

1070. How was the combining weight of vanadium 
ascertained by Roscoe ? How did his results differ from 
those of Berzelius? 

107 1. Write the formulae of the oxides, oxychlorides 
and chlorides, of vanadium (a) as given by Berzelius, 
(£) as given by Roscoe. 

1072. How is vanadium pentoxide obtained, and what 
are its properties? What occurs when its solution in 
sulphuric acid is treated with zinc? 

1073. Find the combining weight of vanadium from 
the following results*: (a) 6*139 grammes vanadium pent- 
oxide when heated in hydrogen yielded 5*0639 grammes 
trioxide, (b) vanadyl trichloride contains 6i '276 per cent, 
of chlorine. 

1074. Compare the compounds of vanadium with those 
of phosphorus, and point out their analogies. 
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HEXADS. 

MOLYBDENUM, ETC. 

1075. What compound of molybdenum results from 
heating the sulphide in a current of air, and what is the 
action of ammonia on it ? 

1076. What is the action of ammonium molybdate on 
solutions of phosphates ? Mention other substances pre- 
cipitated by the same salt. 

1077. How is tungstic acid obtained from sodium 
tungstate, and how is this salt prepared? 

1078. How is tungsten hexachloride prepared ? Give the 
formulae of all the compounds of tungsten with chlorine, 
and with chlorine and oxygen. 

1079. Name the chief minerals in which molybdenum, 
tungsten, and uranium occur. 

1080. Point out analogies existing between molyb- 
denum, tungsten, and uranium, and also between the 
last element and vanadium. 

1 08 1. Give reactions for distinguishing all the metals 
mentioned in the previous question. 
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INTRODUCTORY SUBJECTS. 

1082. How are organic distinguished from inorganic 
bodies ? Give the various definitions of organic chemistry 
which have been proposed. 

1083. Name the elements most commonly found in 
organic bodies. Which element is present in all organic 
bodies ? 

1084. The compounds of carbon are more numerous 
than those of all the other elements. How do you 
account for this? 

1085. Explain the terms substitution, saturated, non- 
saturated, organic radical, homologue, and hydrocarbon* 
Illustrate your meaning by examples. 

1086. Give examples of organic and inorganic compound 
radicals. Give an example of an inorganic homologous 
series. 
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1087. How would you examine a substance so as to 
ascertain whether it is organic or inorganic ? 

1088. How could you detect the presence of carbon, 
hydrogen, and oxygen in sugar ? 

1089. How are chlorine, iodine, sulphur, and nitrogen 
detected in organic bodies ? 

1090. Describe fully the process employed for 
the quantitive analysis of an organic body con- 
taining carbon, hydrogen, and oxygen. Sketch the 
apparatus. 

1 09 1. Give two methods for determining the amount 
of nitrogen present in an organic body. 

1092. How is the quantity (a) of chlorine, (b) of 
sulphur determined in an organic compound ? 

1093. Describe Frankland's process for the deter- 
mination of boron in organic bodies. 

1094. How much carbon is contained in each of the 
following weights of carbon dioxide : (a) 1 '2769 gramme, 
(b) 0*8793 gramme, (c) 0*9876 gramme? How much 
hydrogen is contained in each of the following weights 
of water : (a) 27637 grammes, (b) 0*2987 gramme, (c) 
07896 gramme ? 

1095. If 4*3679 grammes of alcohol (C 2 H 6 0) were 
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completely burned, what weight of carbon dioxide and of 
water should be produced ? 

1096. Calculate the percentage composition and formulae 
of the organic compounds which yielded the following 
analytical results : — 



(a). Substance taken . . . 
Carbon dioxide obtained 
Water obtained . . 
Substance taken . . 
Carbon dioxide obtained 
Water obtained . . 
. (c). Substance taken . . 
Carbon dioxide obtained 
Water obtained - . . 

(d) . Substance taken . . 

Carbon dioxide obtained 
- Water obtained . , 

(e) . Substance taken . . 

Carbon dioxide obtained 
Water obtained . . . 



0757 gramme. 
0889 
0*267 
0*3989 
07978 
•■ 0-3329 
0*9002 

• 17217 
1*0564 

< 0*3665 
, 07331 

• 0*1521 
•■ 0-4639 

: 0-6377 
0-52I7 



1097. i -2435 gramme of an organic body having the 
general formula is submitted to analysis. Find 
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the weights of carbon dioxide and water which should 
be obtained. 

1098. Find the percentage composition and formula 
of a substance from the following analytical results : — 

(«). Substance taken . . . 0*2491 gramme. 
Carbon dioxide obtained = 0*1829 „ 
Water obtained . . • . = 0*1492 „ also 

(b). 0*2381 gramme of the substance yielded 0*4276 
gramme ammonium chloride. 

1099. A substance containing carbon, hydrogen and 
nitrogen, gave the following analytical results : — 

{a). Substance taken . . .= 0*4124 gramme. 
Carbon dioxide obtained =» 0*9885 „ 
Water obtained . . . = 0*3491 „ also 

(£). 0*1123 gramme of the substance yielded 0*8021 
gramme double chloride of platinum and am- 
monium. Find the percentage composition and 
formula of the substance. 

1 100. 0*2379 gramme of strychnine (CjiH^N^Oj) is ana- 
lysed. Find the weights of carbon dioxide and water 
which should be obtained, and the volume of nitrogen 
measured at io° C. and 757 m.m. pressure. 
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1101. In the analysis of a silver salt the following 
results were obtained by Frankland : — 

(a) . Substance taken . . . = 0*4108 gramme. 

Carbon dioxide obtained = 0*2133 „ 
Water obtained . . . = 0*0653 „ also 

(b) . 0*36 gramme yielded on ignition 0*232 gramme 

silver. Find the percentage composition and 
formula of the salt. 

1 102. What weight of silver chloride should be ob- 
tained in the analysis of 0*7899 gramme of chloral ? 

1 103. Why is it important to ascertain if possible the 
vapour density of an organic body? 

1 104. Describe the methods for ascertaining vapour 
density introduced by {a) Dumas, (b) Gay-Lussac, (c) 
Hofmann. 

1 105. Find the vapour density of an organic com- 
pound from the following data : — 

Grammes. 

Weight of globe filled with dry air ■» 44*7832 
„ „ vapour at 115° C. — 45*1848 

Capacity of globe = 189*6 c.c. 
Temperature — 12*8° C. Barometer — 751 m.m. 
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1106. In a determination of the vapour density of 
boric ethide, Frankland obtained the following results : — 

Weight of boric ethide . . = 0*2839 gramme. 
Volume of vapour . . . = 96*68 c.c. 
Temperature of oil bath . = 149 C. 

Barometer = 760 5 m.m. 

Height of mercury inside the 

tube above that outside . = 1 $ m.m. 
Height of column of oil . 328*0 m.m. 
Calculate the density of the vapour. 

1 107. Describe fully all the methods used for ascertain- 
ing the molecular formulae of organic bodies. 

1 108. By whom and when was the synthesis of an 
organic compound first made ? Describe fully the method 
employed. 

1 109. Give a historical sketch of the introduction of 
synthesis in organic chemistry. 

1 1 10. How may alcohol be built up from inorganic 
materials ? 

1 1 1 1. What are empirical, rational, constitutional, and 
graphic formulae ? Give examples. 

1 1 12. Explain the terms isomerism, metamerism, and 
-lerism, and illustrate your meaning by examples. 
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1 1 13. Explain the use in organic chemistry of the 
process called fractional distillation. 

1 1 14. Give examples of positive and negative organic 
and inorganic radicals. 

1 1 1 5. Give constitutional and graphic formulae for the 
following organic bodies : [a) alcohol, (b) marsh gas, (c ) 
hydrocyanic acid, (d) ether, (e) oxalic acid, (/) aldehyde, 
(g) acetic ether, (A) formic acid, (1) urea, (j) succinic 
acid, (k) acetic acid, (/) benzol, (;«) benzoic acid. 
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CYANOGEN AND ITS COMPOUNDS. 

1116. What occurs when nitrogen is passed over a 
strongly heated mixture of charcoal and potassium 
carbonate? Give an equation. 

I ii7- How is cyanogen gas prepared, and how may 
it be liquefied ? What is its action on potassium ? 

1118. Starting with cyanogen how may oxalic acid be 
obtained, and vice versd. Show by formulae how the two 
substances are related to each other. 

1 1 19. What products are obtained when cyanogen gas 
burns in air? Give the volumes of each obtained by 
burning 15 litres of the gas. 

1 1 20. Give the weight and volume of cyanogen which 
should be obtained by decomposing 79 grammes am- 
monium oxalate with phosphoric anhydride. 

1 121. What is paracyanogen, and how is it obtained ? 

1 122. What organic compound is formed when sul- 
phuretted hydrogen acts on mercuric cyanide? Give 
other methods for preparing the same substance. 
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1 1 23. What is the action of strong and of dilute sul- 
phuric acid on potassium ferrocyanide ? Give equations 
for each reaction. 

1 1 24. How would you act on chloroform so as to 
obtain hydrocyanic acid? 

1 1 25. What changes occur when an aqueous solution 
of hydrocyanic acid is left standing for some time ? 

1 1 26. How is potassium cyanide made (a) from hydro- 
cyanic acid, (b) on the large scale ? What occurs when 
it is heated in contact with air ? 

1 1 27. How is hydrocyanic acid detected in cases of 
poisoning? How may it be detected in a compound 
n soluble in water and not decomposed by acids? 

1 128. Give different methods for the preparation of 
potassium ferro- and ferricyanide. 

1 129. How could you obtain from potassium ferro- 
cyanide (a) potassium cyanide, (b) hydroferrocyanic 
acid, (c) Prussian blue? 

1 130. What is Turnbull's blue, and how is it made ? 

1 131. Give a short account of the nitroprussides and 
sulphocyanides. 

N 
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METHYL COMPOUNDS. 

1 132. How does marsh-gas occur in nature ? By what 
other names is the substance known ? Give four distinct 
methods for its preparation. 

1 133. What are the products of the action of chlorine 
on marsh-gas ? 

1 1 34. Nine litres of marsh-gas are mixed with nine of 
chlorine and exposed to light. Give the volumes and 
weights of the products. 

1 135. What weight of sodium acetate when heated 
with caustic soda is needed to yield 275 c.c. of marsh-gas 
at N.T.P. ? 

1 136. One hundred and eighty-nine c.c. of marsh-gas 
are completely burned in air. Find the volume of air 
required and of the products of combustion at N.T.P. 

1 1 37- What volume of oxygen must be exploded with 
150 c.c. of marsh-gas so as to ensure complete com- 
bustion ? 

1 138. What volume of marsh -gas at N.T.P. when 
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passed over heated copper oxide should yield 10 grammes 
of carbon dioxide ? 

1 1 39. Give two methods for the preparation of methyl 
chloride. What is the action of potash on it ? 

1 140. How is chloroform prepared on the large scale ? 
What is the action of nascent hydrogen, and of chlorine 
on it ? 

1 141. What products are obtained by the destructive 
distillation of wood, and how is the wood spirit separated 
from them, and obtained pure ? 

1 142. How is methyl alcohol obtained from (a) methyl 
chloride, {b) gaultheria oil? What is the action of 
potassium on methyl alcohol? 

1 143. What volume of oxygen is required for the 
complete combustion of 7 grammes of methyl alcohol ? 

1 144. What two compounds have the empirical formula 
C 2 H 8 N ? How is each prepared, and what is the con- 
stitutional formula for each ? From which, and how, 
could an ethyl compound be obtained ? 
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ETHYL COMPOUNDS, 

1 145. Give several reactions for preparing ethyl hy- 
dride. How has it been proved identical with dimethyl? 

1 1 46. What is the action of chlorine on ethyl hydride? 

1 147. How is ethyl chloride prepared (a) by Grove's 
method, (b) by other methods ? What is the action of 
potash on it? 

1 148. How is ethyl iodide prepared? What weight 
of it contains 7 89 grammes of iodine ? 

1 149. How is ethyl alcohol obtained from grape sugar ? 
What other products are simultaneously produced ? 

1 150. What is absolute alcohol, and how is it prepared ? 

1 151. How is the amount of alcohol in a mixture of 
alcohol and water accurately ascertained ? 

1 1 52. What is the action on alcohol of each of the 
following bodies ? (a) sodium, (b) chlorine, (c) sulphuric 
acid, (d) a mixture of sulphuric acid and potassium bi- 
chromate. Give equations for the reactions. 
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1 153. Give the formulae of several analogous ethyl and 
potassium compounds. 

1 1 54. What occurs when alcohol vapour is passed 
through a red-hot tube? 

1 1 55. How did Berthelot obtain akohol from inorganic 
materials ? Give other methods. 

1 1 56. Seventeen grammes of alcohol are burned com- 
pletely. Find the volume of carbon dioxide obtained 
at N.T.P., and also the weight of water produced. 

1 1 57. Find the volume of air at N.T.P. required for 
the complete combustion of 19 c.c. of absolute alcohol at 
o° C. (S. G. at o° C. = 0-80625). Find also the volumes 
of the gaseous products. 

1 158. By the action of potassium on alcohol 1987 c.c. 
of hydrogen at N.T.P. were obtained. Find the weight 
of alcohol decomposed and of potassium used. 

1 159. What is the composition of the substance called 
propiontrile ? How is it prepared, and how would you 
prepare the body with which it is isomeric ? 

1 160. What is mercaptan, and how is it prepared ? 
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ETHYLENE. 

1161. Give several methods for the preparation of 
ethylene. Represent the reactions by equations. 

1 162. What is the volume at N.T.P. of 7*89 grammes 
of ethylene, and what volume of oxygen is required to 
burn it? 

1 163. Starting with carbon and hydrogen how may 
ethylene be prepared? 

1 1 64. What occurs when a mixture of ethylene with 
twice its volume of chlorine is kindled? 

1 165. How may ethylene be made to combine with 
chlorine ? Give the properties of the compound produced, 
and sketch the apparatus you would employ to prepare it. 

1 166. Explain the difference in constitution between 
ethylene and its isomer ethylidene. 

1 167. What is glycol ? State fully how it is prepared, 
and what occurs when it is oxidized. Give equations. 

1 168. What is the action (a) of potassium, (b) of 
phosphorus pentachloride, (c) of hydrochloric acid, on 
glycol ? 
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ACETYLENE. 

1 1 69. What occurs when electric sparks are passed 
through coal-gas? How may the body produced be 
collected ? 

1 1 70. How may acetylene be obtained from (a) chloro- 
form, {b ) methyl chloride, (c) coal-gas, (d) marsh-gas ? 

1 171. What is the composition of copper acetylide, 
and how may pure acetylene be obtained from it ? 

1 1 72. What is the action on acetylene of (a) bromine, 
{b) nascent hydrogen, (c) sulphuric acid, (d) heated 
potassium ? 
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GLYCERINE. 

1 173. Explain the terms mono- di- and trihydric alcohols, 
and give examples of each. 

1 174. How is glycerine prepared on the large scale 
from fats ? How is it purified ? 

1 175. How could you obtain glycerine from the hydro- 
carbon C 3 H 8 ? 

1 176. What is the action on glyceiine of (a) hydro- 
chloric acid, (p) phosphorus pentachloride, (d) hydriodic 
acid? 

1 177. How is glycerine related to (a) propyl glycol, 
(d) isopropylic alcohol, (c) acrolein and acrylic acid ? 
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ETHERS. 

1 178. Define the terms ethers and haloid ethers, and 
give examples of each derived from mono- di- and trihydric 
alcohols respectively. 

1 179. Describe fully the so-called continuous process 
for preparing ether, and give equations for the reactions. 
How is ether purified ? 

1 1 80. How may ether be prepared from sodium ethy. 
late? What are mixed ethers, and how are they 
prepared ? 

1 181. How would you separate and detect each con- 
stitutent in a mixture of alcohol, ether, and water ? 

1 182. What occurs when sodium is dropped into (a) 
pure ether, (b) ether containing alcohol ? 

1 183. What volume of oxygen is required for the 
complete combustion of three volumes of ether vapour ? 
Ether vapour is mixed with fifty times its volume of air 
and exploded, what is the composition of the residual 
gases 
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1 1 84. What volume of ether vapour weighs the same 
as (a) 1 litre of air, (d) 2 litres of chlorine, (c) 7 litres 
of carbon dioxide? 

1 185. How is methylic ether prepared? Compare its 
chemical and physical properties with those of ethylic 
ether. 

1 1 86. What is acetic ether? Give its formula and 
describe its preparation. 
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ALDEHYDES. 

1 187. How are the aldehydes related to the alcohols 
and the acids ? Give general methods for their prepara- 
tion. What is the derivation of the name aldehyde ? 

1 1 88. What is the difference between an aldehyde and 
a ketone ? What is the action of nascent hydrogen on 
each ? 

1 189. What occurs when a mixture of acetate and 
formate of potassium is distilled? How does this 
reaction serve for preparing the homologues of the 
fatty acids ? Give an example and equations for all the 
reactions. 

1 1 90. How is ethyl aldehyde obtained pure? What 
is the action of ammonia and of alkaline bisulphites on 
aldehyde ? 

1 191. What is the action of aldehyde on silver oxide? 
Give an equation. 

1 192. What is the percentage composition of aldehyde? 
Name other bodies which have the same empirical 
formula. 

1 193. What is chloral ? How is it prepared, and how 
is it related to aldehyde ? 
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MONOBASIC ACIDS. 

1 194. How does formic acid occur in nature? How 
may it be produced from inorganic materials ? Give two 
methods. 

1 1 95. How is formic acid prepared in quantity and 
obtained anhydrous? 

1 196. What occurs (a) when sodium formate is heated, 
(b) when a formate is heated with sulphuric acid, (c) 
when formic acid is heated with mercuric oxide, (d) 
when chlorine acts on formic acid, (e) when calcium 
formate is distilled? Give equations for each reaction. 

1 197. How would you prepare ammonium formate? 
What occurs when it is heated? 

1 1 98. What occurs when potassium hydrate acts on 
chloroform? Give an equation. 

1 199. How are hydrocyanic and formic acids related 
to each other ? 

1200. How is pyroligneous acid prepared and purified ? 
By what other names is the substance known ? 
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1201. How may acetic acid be obtained from ethyl 
alcohol ? Give other ways for preparing the acid. 

1202. Give different methods for preparing vinegar. 

1203. What weight of acetic acid would be required 
to neutralize exactly 7*892 grammes of potassium car- 
bonate ? 

1204. How is potassium biacetate prepared, and what 
occurs when it is heated ? Give an example of a similar 
reaction with an inorganic salt. 

1205. What is the action of chlorine and of phos- 
phorus trichloride on acetic acid ? Give equations. 

1206. Give the formulae of the following bodies : (a) 
silver acetate, (b) ethyl acetate, (c) potassium mono-chlor- 
acetate, (d) lead acetate, (e) acetyl chloride, (/) acetic 
anhydride, (g) acetamide. 

1207. You are provided with bromine, acetic acid, 
sulphuric acid, and potassium cyanide, how would you 
prepare cyanacetic acid? Give its formula, and state 
how a dibasic organic acid may be obtained from it. 

1208. How may propionic acid be prepared starting 
with acetic acid? 

1209. How is lactic acid related to (a) propionic acid, 
(b) malonic acid, (c) glycollic acid ? 
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1210. Give a short account of the isomers of lactic acid, 
and explain their constitution by graphic formulae. 

121 1. Give several methods for preparing lactic acid, 
and state which method you would adopt for obtaining 
large quantities of it. 

12 12. How is benzoic acid prepared? In what respects 
do its reactions and preparation resemble those of acetic 
acid ? 

1 2 13. What occurs when benzoic acid is heated with 
lime ? Give an equation. 

1 2 14. What is naphthalene, and how may benzoic acid 
be obtained from it ? 

121 5. By what reactions are formic, acetic, lactic, and 
benzoic acids recognised ? 
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DIBASIC ACIDS. 

1 2 16. Write the formulae of oxalic acid and its homo, 
logues up to adipic acid. 

1 2 17. How may oxalic acid be obtained starting with 
cyanogen and vice versa t How may it be obtained 
starting with carbon dioxide? 

1 21 8. Give reactions (other than those referred to above) 
for preparing oxalic acid, and give a full account of the 
method adopted on the large scale. 

1 2 19. What is the action on oxalic acid of (a) heat, 
(b) potassium permanganate, (c) sulphuric acid, (d) 
potassium hydrate? Give equations. 

122a One hundred cubic centimetres of a solution of 
potassium permanganate are required to saturate a 
solution of 0*0396 gramme iron. How much of this 
solutionis needed to decompose completely 0*873 gramme 
crystallized oxalic acid ? 

1 22 1. How much carbon dioxide by volume and weight 
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should be given off by treating 6789 grammes oxalic acid 
with potassium permanganate ? 

1222. State fully what occurs when a solution of potas- 
sium permanganate is added to one of oxalic acid alone, 
and in presence of sulphuric acid. 

1223. How much carbon dioxide and monoxide can 
be obtained from the oxalic acid required to neutralize 
19 grammes of caustic soda ? 

1224. How many series of salts does oxalic acid form ? 
Give examples of each with formulae. 

1225. Give the formula for each of the following bodies 
and explain how they are related to oxalic acid : (a) 
oxamide, (6) oxamic acid, (c) glyoxal, (d) glyoxylic acid, 
(e) glycollic acid. 

1226. How may succinic acid be prepared (a) syntheti 
cally, (b) from malic acid ? 

1227. How may succinic acid be obtained starting 
with acetic acid and vice versa ? 

1228. What is the action of hydriodic acid on tartaric 
acid? 

1229. By what reaction can it be proved that succinic 
acid contains ethylene, and how may ethylene be obtained 
from it ? 
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1230. How is tartaric acid prepared, and what is the 
action on it of (a) oxidizing agents, (fi) caustic potash ? 

1 23 1. What is the formula of tartar emetic? What 
percentage of carbon does it contain ? 

1232. Describe the isomeric modifications of tartaric 
acid. 
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TRIBASIC ACIDS. 

1233. Give a short account of the natural occurrence 
of citric acid, and describe how the acid is manufactured. 

1234. What different products are obtained by heating 
citric acid ? 

1235. What is tricarballylic acid, and how is it related 
to citric acid? 

1236. If 276 gramme of citric acid were used in an 
organic analysis, what weight of carbon dioxide and of 
water should be obtained ? 

1237. What is the action of chlorine on citric acid ? 

1238. By what reactions is citric acid recognised and 
distinguished from tartaric acid ? 



Digitized by 



BENZOL AND ITS DERIVATIVES. 195 



BENZOL AND ITS DERIVATIVES, 

1239. How has benzol been prepared synthetically? 

1240. How is benzol obtained from coal-tar? How is 
it purified ? 

1 24 1. 7*892 grammes of benzoic acid are heated with 
excess of lime. What reaction occurs, and how much 
of the product is obtained ? 

1242. What products are obtained by passing alcohol 
vapour through a red-hot tube ? 

1243. How would you ascertain the presence of benzol 
vapour in coal-gas ? 

1244. Draw the graphic formula of benzol. 

1245. What is the action on benzol of (a) sulphuric 
acid, (b) nitric acid, (c) bromine ? 

1246. What is aniline? How is it prepared and puri- 
fied? What is the action of hydrochloric acid on 
aniline ? 

1247. What is toluidine, and how *s it related to 
aniline ? 
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1248. What is oil of bitter almonds? To what class 
of bodies does it belong? 

1249. Give a short account of the preparation of a few 
of the most important coal-tar colours. 
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AMINES AND AMIDES. 

1250. How are amines distinguished from amides ? 

125 1. Describe the preparation of ethylamine, diethyl- 
amine, and triethylamine. 

1252. Point out the resemblances between ammonia 
and the amines. 

1253. What is the action of ammonia on ethyl iodide 
and of potash on the product ? Give equations. 

1254. What is the action of nitrous acid on the amines ? 
Give an example. 

1255. To what class of organic bodies does urea 
belong? Give reasons for placing it in this class. 

1256. How much urea when treated with nitrous acid 
should evolve 179 c.c. of nitrogen at N.T.P. ? 

1257. Give the formula for acetamide. Describe its 
preparation and reactions. 
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TABLE OF THE ELEMENTS WITH THEIR 
SYMBOLS AND COMBINING WEIGHTS. 



Element. 


Symbol. 


Combining 
Weight. 




. . . Al. . . . 


. • • 27'3 




. . . Sb. . . . 






. . . As. . . . 


... 75*2 




. . . Ba. . . . 


. . . . 137 




. . . Be. . . 


. . . . 9-3 




. . . Bi . . . 














. . . . 80 




. . . Cd. . . 























Cerium Ce . , 92*2 
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Element. Symbol. C Wei^. g 

Chlorine CI 35*5 

Chromium Cr 52 

Cobalt Co 587 

Copper Cu 63*5 

Didymium D 95 

Erbium E H2'6 

Fluorine ... . F 19 

Gallium Ga 698 

Gold Au 197 

Hydrogen H 1 

Indium In H3'4 

Iodine I 127 

Iridium Ir 198 

Iron . Fe 56 

Lanthanum La 92*9 

Lead Pb 207 

Lithium Li 7 

Magnesium Mg 24 

Manganese .... Mn 55 

Mercury Hg 200 

Molybdenum Mo 96 

Nickel Ni 587 
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Element. Symbol. S^ghl** 

Niobium Nb 94 

Nitrogen N 14 

Osmium Os 199*1 

Oxygen O 16 

Palladium Pd 106*6 

Phosphorus P 31 

Platinum Pt 197*5 

Potassium K 39-1 

Rhodium Rh 104*2 

Rubidium Rb 85 4 

Ruthenium Ru 1044 

Selenium Se 79*5 

Silver Ag 108 

Silicon Si 28 

Sodium Na 23 

Strontium Sr 87*5 

Sulphur S 32 

Tantalum Ta 182*3 

Tellurium Te 128 

Thallium Tl 203*5 

Thorium Th 11 57 

Tin . : Sn 118 

P 
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Element. Symbol. ( w2Jj£ g 

Titanium Ti 50 

Tungsten W 184 

Uranium U 120 

Vanadium V 51*3 

Yttrium Y 61 6 

Zinc Zn 65*2 

Zirconium Zr 89.6 
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March 1879. 

A CATALOGUE 

OF 

EDUCATIONAL BOOKS, 

PUBLISHED BY 

MACMILLAN AND CO., 

BEDFORD STREET, STRAND, LONDON. 



MACMILLAN'S CLASSICAL SERIES, for COLLEGES 
and SCHOOLS, being select portions of Greek and Latin 
authors, edited, with Introductions and Notes at the end, by 
eminent scholars. The series is designed to supply first rate 
text-books for the higher forms of Schools, having in view 
also the needs of Candidates for public examinations at the 
Universities and elsewhere. With this object the editors 
have endeavoured to make the books as complete as possible, 
passing over no difficulties in the text, whether of construction 
or of allusion, and adding such information on points of 
Grammar and Philology as will lead students on in the 
paths of sound scholarship. Due attention moreover is paid 
to the different authors, in their relation to literature, and as 
throwing light upon ancient history, with the view of en- 
couraging not only an accurate examination of the letter, but 
also a liberal and intelligent study of the spirit of the masters 
of Classical Literature. 

The books are clearly printed in fcap. 8vo., and uniformly 
bound in neat red cloth. 

The following volumes are ready : — 

CICERO— THE SECOND PHILIPPIC ORATION. From 
the German of Karl Halm. Edited, with Corrections and 
' Additions, by John E. B. Mayor, Professor of Latin in the 
University of Cambridge, and Fellow and Classical Lecturer at 
St John's College. New edition, revised. 5*. 

30,000.3.79. C(^r^n\o 
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THE CATILINE ORATIONS. From the German of Karl 
Halm. Edited, with Additions, by A. S. Wilkins, M.A., 
Professor of Latin at the Owens College, Manchester. New 
edition. 3*. 6d. 

TBS ACADEM ICA. Edited by James Reid, M.A., 
Fellow of Cains College, Cambridge. 4*. 6d. 

DEMOSTHENES — THE ORATION ON THE CROWN, 
to which is prefixed JB8CHINES AGAINST CTB8I- 

PHON. Edited by B. Drake, M.A., late Fellow of King's 
College, Cambridge. New edition. 5*. 

HOMER'S ODYSSEY— THE NARRATIVE OF ODYS- 
SEUS, Books IX.— XII. Edited by John E. B. Mayor, 
M.A. Part L 3;. [To be completed shortly, 

JUVENAXr-SELECT SATIRES. Edited by JOHN E. B. 
Mayor, Fellow of St. John's College, Cambridge, and 
Professor of Latin. Satires XII.— XVI. 6d. 

[Satires X. and XI., in preparation. 

LI VY— HANNIBAL'S FIRST CAMPAIGN IN ITALY, 
Books XXI. and XXII. Edited by the Rev. W. W. 
Capes, Reader in Ancient History at Oxford. With 3 
Maps, 5*. 

SALLUST— CATILINE and JUGURTHA. Edited by C. 
Merivale, B.D. New edition, carefully revised and en- 
larged. 4s. 6d. Or separately 2s. 6d. each. 

TACITUS— AGRICOLA and GERMANIA. Edited by A. J. 
Church, M.A. and W. J. Brodribb, M.A. Translators of 
Tacitus. New edition. 3J. 6d. Or separately 2s. each. 

THE ANNALS, Book VI. By the same Editors. 2s. 6d. 

TERENCE— HAUTON TIMORUMENOS. Edited by E. S. 
Shuckburgh, M.A., Assistant -Master at Eton College, y. 
Translation, ¥ . 6d. 
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THUCYDIDBS — THE SICILIAN EXPEDITION, Books 
VZ. and VII. Edited by the Rev. Percival Frost, M. A., 
Late Fellow of St. John's College, Cambridge. New edition, 
revised and enlarged, with Map. $s. 

XENOPHON— HELLENICA, Books I. and II. Edited by 
H. Hailstone, B.A., late Scholar of Peterhonse, Cambridge. 
With Map. 4*. 6d. 

The following are in preparation ; — 

JESCHYLU8-— SELECT PLAYS. Edited by A. O. FRICKARD, 
M. A., Fellow and Tutor of New College, Oxford. 

Z. PER8AE. 

CATULLUS— SELECT POEMS. Edited by F. P. SIMPSON, 
B.A., late Scholar of Balliol College, Oxford. 

CICERO— PRO ROSOIO AMERINO. From the German ol 
Karl Halm. Edited by E. H. Donk*n, M.A., late Scholar 
of Lincoln College, Oxford, Assistant Master at Uppingham. 

DEMOSTHENES — FIRST PHILIPPIC. Edited by Rer. 
T. Gwatkin, M.A., late Fellow of St. John's College, 
Cambridge. 

EURIPIDES — SELECT PLAYS, by various Editors. 

ALCE8TIS. Edited by J. E. C. Welldon, B.A., Fellow 
and Lecturer of King's College, Cambridge. 

BACCHAE. Edited by E. S. Shuckburgh, M.A., Assistant- 
Master at Eton College. 

I PH I OENEI A AT AULIS. Edited by Rev. J. P. 
Mahaffy, M.A.j Fellow and Tutor of Trinity College, Dublin. 

MEDEA. Edited by A. W. Verrall, M.A., Fellow and 
Lecturer of Trinity College, Cambridge. 

HERODOTUS— THE INVASION OF GREECE BY XERXES. 
Books VII. and VIII. Edited by Thomas Case, M. * 
formerly Fellow of Brasenose College, Oxford. 
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HOMER'S ILIAD — THB STORY OF AOHILLBS. Edited 
by the late J. H. Pratt, M.A., and Walter Leaf, M. A., 
Fellows of Trinity College, Cambridge. 

WW— Books XXIII. and XXIV. Edited by Rev. W. W. 
Capes, M.A. 

LY8IA8 — 8BLBOT ORATIONS. Edited by E. S. SHUCK- 
burgh, M.A., Assistant-Master at Eton College. 

MARTIAL— SELECT EPIGRAMS. Edited by Rev. H. M. 
Stephenson, M.A., Head-Master of St. Peter's School, 
York. 

OVID — SELECT EPISTLES. Edited by E. S. SHUCKBURGH, 
M.A. 

OVID-FASTI. Edited by G. H. Hallam, M.A., Fellow of 
St John's College, Cambridge, and Assistant Master at 
Harrow. 

PLATO— FOUR DIALOGUES ON THE TRIAL AND 
DEATH of SOCRATES, viz., EUTHYPHRO, APO- 
LOGY, CRITO, AND PHJSDO. Edited by C. W. MOULE, 
M. A., Fellow and Tutor of Corpus Christi College, Cambridge. 

PROFBRTIUS— SELECT POEMS. Edited by J. P. Post- 
gate, B.A., Fellow of Trinity College, Cambridge. 

TERENCE — PHORMIO. Edited by Rev. John Bond, M.A., 
late Scholar of St. John's College, Oxford, and A. S. Wal- 
pole, late Scholar of Worcester College, Oxford. 

THUCYDIDES — Books I. and II. Edited by H. BROADBKNT, 
M.A., Fellow of Exeter College, Oxford, and Assistant- 
Master at Eton College. 

THUCYDIDES— Books IV. and V. Edited by Rev. C. 
E. Graves, M.A., Classical Lecturer, and late Fellow of 
St. John's College, Cambridge. 

Other volumes will follow. 

CLASSICAL. 
JB8CHYLU8- THE EUMENIDES. The Greek Text, with 
Introduction, English Notes, and Verse Translation. By 
Bernard Drake, M.A., late Fellow of King's College, 
Cambridge. 8vo. $s.6d. 
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ARISTOTLE — AN INTRODUCTION TO ARISTOTLE S 
RHETORIC. With Analysis, Notes and Appendices. By 
E. M. Cope, Fellow and Tutor of Trinity College, Cambridge, 
8vo. 141. 

ARISTOTLE ON FALLACIES', OR, THE SOPHISTICI 
ELENCHI. With Translation and Notes by E. Poste, M. A. 
Fellow of Oriel College, Oxford. 8vo. 8j. 6d. 

ARISTOPHANES— THE BIRDS. Translated into English 
Verse, with Introduction, Notes, and Appendices, by B. H. 
Kennedy, D.D., Regius Professor of Greek in the University 
of Cambridge. Crown 8vo. 6s. Help-Notes to the same, 
for the use of Students, is. 6d. 

BELCHER — SHOR T EXERCISES IN LATIN PROSE 
COMPOSITION AND EXAMINATION PAPERS IN 
LATIN GRAMMAR, to which is prefixed a Chapter on 
Analysis of Sentences. By the Rev. H. Belcher, M.A., 
Assistant Master in King's College School, London. New 
Edition. l8mo. is. 6d. Key, is. 6d. 

SEQUEL TO THE ABOVE. EXERCISES IN LA TIN 
IDIOMS, By the same author. [In preparation. 

BLACKIE— GREEK AND ENGLISH DIALOGUES FOR 
USE IN SCHOOLS AND COLLEGES. By John 
Stuart Blackie, Professor of Greek in the University of 
Edinburgh. New Edition. Fcap. 8vo. 2s. 6d. 

CI CERO — THE ACADEMICA. The Text revised and explained 
by James Reid, M.A., Fellow of Caius College, Cambridge. 
New Edition. With Translation. 8vo. [In preparation. 

SELECT LETTERS.— After the Edition of Albert 
Watson, M,A. Translated by G. E. Jeans, M.A., Fellow 
of Hertford College, Oxford, and Assistant-Master at ll r 
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CLASSICAL WRITERS. Edited by J. R. GREEN, M.A. 
Fcap. 8vo. is. 6d. 

CICERO. By Professor A. S. Wilkins. • [In preparation. 
DEMOSTHENES, By S. H. Butcher, M.A. [In preparation. 
EURIPIDES. By Professor J. P.Mahaffy. [In the Press. 
HORACE. By T. H. Ward, M.A. [In preparation. 

LIVY. By Rev. W. W. Capes, M.A. [In preparation. 
VERGIL. By Professor H. Nettleship. [In preparation. 

Others to follow. 

ELLIS — PR A CTICAL HINTS ON THE QUANTITATIVE 
PRONUNCIATION OF LATIN, for the use of Classical 
Teachers and Linguists. By A. J. Ellis, B.A., F.R.S. 
Extra fcap. 8vo. qs. 6d. 

GEDDES- THE PROBLEM OF THE HOMERIC POEMS. 
By W. D. Geddes, Professor of Greek in the University of 
Aberdeen. 8vo. 14J. 

GLADSTONE— Works by the Rt. Hon. W. E. Gladstone, M.P. 
JUVENTUS MUNDI; or, Gods and Men of the Heroic 
Age. Second Edition. Crown 8vo. iar. 6d. 

THE TIME AND PLACE OF HOMER. Crown 8vo. 
6s. 6d. 

A PRIMER OF HOMER. i8mo. is. 

GOODWIN— Works by W. W. Goodwtn, Professor of Greek in 
Harvard University, U.S.A. I 

SYNTAX OF THE MOODS AND TENSES OF THE 1 

GREEK VERB. New Edition, revised. Crown 8vo. I 
6s. 6d. 

<N ELEMENTARY GREEK GRAMMAR. New Edition, ! 

ised. Crown 8vo. [/n preparation. j 
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OHBENWOOD — THE ELEMENTS OF GREEK GRAM; 
MAE, including Accidence, Irregular Verbs, and Principles of 
Derivation and Composition ; adapted to the System of Crude 
Forms. By J. G. Greenwood, Principal of Owens College, 
Manchester. New Edition. Crown 8vo. $s. 6d. 

HERODOTUS, Books I. — III. — THE EMPIRES OF THE 
EAST. Edited, with Notes and Introductions, by A. II 
Sayce, M.A., Fellow and Tutor of Queen's College, Oxford, 
and Deputy-Professor of Comparative Philology. 8vo. 

[In preparation. 

HODGSON —MYTHOLOGY FOR LATIN VERSIFICA- 
TION. A brief Sketch of the Fables of the Ancients, 
prepared to be rendered into Latin Verse for Schools, By 
F. Hodgson, B.D., late Provost of Eton. New Edition, 
revised by F. C. Hodgson, M.A. i8mo. 3-r. 

HOMER — THE ODYSSEY. Done into English by S. H. 
Butcher, M.A., Fellow of University College, Oxford, and 
Andrew Lang, M.£.., late Fellow of Merton College, Oxford, 
Crown 8vo. iar. 6d. 

HOMERIC DICTIONARY. For Use in Schools and Colleges. 
Translated from the German of Dr. G. Autenreith, with 
Additions and Corrections by R. P. Keep, Ph.D. With 
numerous Illustrations. Crown 8vo. 6s. 

HORACE— THE WORKS OF HORACE, rendered into 
English Prose, with Introductions, Running Analysis, and 
Notes, by J. Lonsdale, M.A., and S. Lee, M.A. Globe 
8vo. 3j. 6d. 

THE ODES OF HORACE IN A METRICAL PARA- 
PHRASE. By R. M. Hovenden. Extra fcap. 8vo. 41. 

HORACES LIFE AND CHARACTER. An Epitome of 
his Satires and Epistles. By R. M. Hovenden. Extra fcap. 
8vo. . 41. 6d. 

WORD FOR WORD FROM HORACE. The Odes lite- 
rally Versified. By W. T. Thornton, C.B. Crow 
is. 6d. 

Digitized by Goode 
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JAOKSON— FIRST STEPS TO GREEK PROSE COM- 
POSITION. By .Blomfikld Jackson, M.A. Assistant- 
Master in King's College School, London. New Edition 
revised and enlarged. i8mo. is. 6d. 

JAOKSON — A MANUAL OF GREEK PHILOSOPHY. By 
Henry Jackson, M.A., Fellow and Prelector in Ancient 
Philosophy, Trinity College, Cambridge. [In preparation. 

JEBB — Works by R. C. JEBB, M. A., Professor of Greek in the 
University of Glasgow. 

THE ATTIC ORATORS FROM ANTIPHON TO 
ISAEOS. 2 vols. 8vo. 25*. 

THE CHARACTERS OF THEOPHRASTUS. Translated 
from a revised Text, with Introduction and Notes. Extra fcap. 
8vo. 6s. td. 

A PRIMER OF GREEK LITERATURE. l8mo. is. 

A HISTOR Y OF GREEK LITER A TURE. Crown 8vo. 

[In preparation. 

JUVENAL — THIRTEEN SATIRES OF JUVENAL. With 
a Commentary. By John E. B. Mayor, M.A., Kennedy 
Professor of Latin at Cambridge. Vol. I. Second Edition, 
enlarged. Crown 8vo. *]s. 6d. Vol. II. Crown 8vo. iar. 6d. 

KYNA8TON — GREEK IAMBICS FOR SCHOOLS. By Rev. 
H. Kynaston, M.A., Principal of Cheltenham College. 

[In preparation. 

LIVY, Books XXI.— XXV. Translated by A. J. Church, 
M.A., and W. J. Brodribr, M.A. [In preparation. 

LLOYD — THE AGE OF PERICLES. A History ot the 
Politics and Arts of Greece from the Persian to the Pelopon- 
nesian War. By William Watkiss Lloyd. 2 vols; 8vo. 21s. 

MACMILLAW— FIRST LATIN GRAMMAR. By M f C. 
Macmillan, M. A., late Scholar of'Christ's College, Cambridge, 
Assistant Master in St Paul's School i8mo. [In preparation. 
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MAEAFFY — Works by J. P. MAhaffy, M.A., Professor ot 
Ancient History in Trinity College, Dublin. 

SOCIAL LIFE IN GREECE; from Homer to Menander. 
Third Edition, revised and enlarged. Crown 8vo. oj 

RAMBLES AND STUDIES IN GREECE. With 
Illustrations. Second Edition. With Map. Crown 8vo. 
I or. 6d. 

A PRIMER OF GREEK ANTIQUITIES. With Illus- 
trations. l8mo. is. 

MARSHALL — A TABLE OF IRREGULAR GREEK 
VERBS, classified according to the arrangement of Curtius' 
Greek Grammar. By J. M. Marshall, M.A., one of the 
Masters in Clifton College. 8vo. cloth. New Edition, is. 

MAYOR (JOHN B. B.)— FIRST GREEK READER. Edited 
after Karl Halm, with Corrections and large Additions by 
Professor John E. B. Mayor, M.A., Fellow and Classical 
Lecturer of St John's College, Cambridge. New Edition, 
revised. Fcap. 8vo. 4*. &/. 

BIBLIOGRAPHICAL CLUE TO LATIN LITERA- 
TURE. Edited after HUbnbr, with large Additions by 
Professor John E. B. Mayor. Crown 8vo. 6>. 6d. 

MAYOR (JOSEPH B.) — GREEK FOR BEGINNERS. By 
the Rev. J. B. Mayor, M. A., Professor of Classical Literature 
in King's College, London. Part I., with Vocabulary, u. 6d. 
Parts II. and III., with Vocabulary and Index, $s. 6d. com- 
plete in one Vol. New Edition. Fcap. 8vo. doth. 4*. &/. 

N IXON— PARALLEL EXTRACTS arranged for translation 
into English and Latin, with Notes on Idioms. By J. E. 
Nixon, M.A., Classical Lecturer, King's College, London. 
Part L — Historical and Epistolary. New Edition, revised 
and enlarged. Crown 8vo. 31. 6d. )mzedhy Google 
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NIXON Continued— 

A FEW NOTES ON LATIN RHETORIC. With 
Tables and Illustrations. By J. E. Nixon, M.A. Crown 
8vo. 2S. 

PEILE (JOHN, M.A.) — AN INTRODUCTION TO GREEK 
AND LATIN ETYMOLOGY. By John Peile, M.A., 
Fellow and Tutor of Christ's College, Cambridge, formerly 
Teacher of Sanskrit in the University of Cambridge. Third 
and Revised Edition. Crown 8vo. 10s. 6a\ 

A PRIMER OF PHILOLOGY. i8mo. is. By the same 
Author. 

PIN DAR — THE EXTANT ODES OF PINDAR. Translated 
into English, with an Introduction and short Notes, by Ernest 
Myers, M.A., Fellow of Wadham College, Oxford. Crown 
8vo. Sj. 

PLATO — THE REPUBLIC OF PLATO. Translated into 
English, with an Analysis and Notes, by J. Ll. Davies, 
M.A., and D. J. Vaughan, M.A. New Edition, with 
Vignette Portraits of Plato and Socrates, engraved by Jesns 
from an Antique Gem. i8mo. 4*. 6d. 

PHILEBUS. Edited, with Introduction and Notes, by 
Henry Jackson, M.A., Fellow of Trinity College, Cambridge. 
8vo. [In preparation. 

PIiAUTUS — THE MOSTELLARIA OF PLAUTUS. With 
Notes, Prolegomena, and Excursus. By William Ramsay, 
M.A., formerly Professor of Humanity in the University of 
Glasgow. Edited by Professor George G. Ramsay, M.A., 
of the University of Glasgow. 8vo. l\s. 

POTTS (A. W., M .A.) — HINTS TOWARDS LATIN PROSE 
COMPOSITION. By Alexander W. Potts, M.A., 1 
LL.D., late Fellow of St John's College, Cambridge; 
Head Master of the Fettes College, Edinburgh. New Edition. i 
Extra fcap. 8vo. 3*. 

Digitized by Goode i 
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ROBY — A GRAMMAR OF THE LATIN LANGUAGE, from 

Plautus to Suetonius. By H. J. Roby, M.A., late Fellow of 

St. John's College, Cambridge. In Two Parts. Third Edition. 

Part I. containing Book I. Sounds. Book II. Inflexions. 

Book III. Word-formation. Appendices. Crown 8vo. &s. 6d. 

Part II. — Syntax, Prepositions, &c. Crown 8vo. iOf. 6d, 

"Marked by the clear and practised insight of a master is his art. 
A book that would do honour to any country. — Athenaeum. 

SCHOOL LA TIN GRAMMAR. By the same Author. 

[In preparation. 

RUSH- SYNTHETIC LATIN DELECTUS. A First Latin 
Construing Book arranged on the Principles of Grammatical 
Analysis. With Notes and Vocabulary. By E. Rush, B.A. 
With Preface by the Rev. W. F. Moulton, M.A., D.D. 
Extra fcap. 8vo. 2s. 

KVBT— FIRST STEPS TO LA TIN PROSE COMPOSITION 
By the Rev. G. Rust, M.A. of Pembroke College, Oxford, 
Master of the Lower School, King's College, London. New 
Edition. i8mo. is. 6d. 

RUTHERFORD — A FIRST GREEK GRAMMAR. ByW.G. 
Rutherford, M.A., Assistant Master in St. Paul's School, 
London. Extra fcap. 8vo. is. 

SSEIiRY — A PRIMER OF LATIN LITERATURE. By 
Prof. J. R. Seeley. [In preparation. 

SHUCKBURGH — A LATIN READER. By E. S. Shuck- 
burgh, M.A., Assistant Master at Eton College. 

[In preparation. 

TACITUS— COMPLETE WORKS TRANSLATED. By A. J. ' 
Church, M.A., and W. J. Brodribb, M.A. 

THE HISTORY. With Notes and a Map. New Edition. 
Crown 8vo. 6s. 

THE ANNALS. With Notes and Maps. New Edition. 
Crown 8vo. *js. 6d. 

THE AGRICOLA AND GERMANY, WITH tub 
DIALOGUE ON ORATORY. With Maps and 
New and Revised Edition. Crown 8va gt 4£ b ^o 
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THEOPHRASTUS — THE CHARACTERS OF THEO* 
PHRASTUS. An English Translation from a Revised Text 
With Introduction and Notes. By R. C Jebb, M. A./ Pro- 
fessor of Greek in the University of Glasgow. Extra fcap. 8vo. 



THRING — Works by the Rev. E. THRING, M.A., Head 
Master of Uppingham School 

A LATIN GRADUAL. A First Latin Construing Book 
for Beginners. New Edition, enlarged, with Coloured Sentence 
Maps. Fcap. 8vo. 2s. 6d. 

A MANUAL OF MOOD CONSTRUCTIONS. Fcap. 
8vo. is. 6d. 

A CONSTRUING BOOK. Fcap 8vo. 2s. 64. 

VIRGIL — THE WORKS OF VIRGIL RENDERED INTO 
ENGLISH PJiOSE, with Notes, Introductions, Running 
Analysis, and an Index, by James Lonsdale, M.A., and 
Samuel Lee, M.A. New Edition. Globe 8vo. £f. 6J. 
gilt edges, 4*. 6d. 

WIXiKINB — A PRIMER OF ROMAN ANTIQUITIES. By 
A. S. Wilkins, M.A., Professor of Latin in the Owens 
College, Manchester. With Illustrations. i8mo. is. 

WRIGHT— Works by J. WRIGHT, M.A., late Head Master ot 
Sutton Coldfield School. 

HELLENIC A; OR, A HISTORY OF GREECE IN 
GREEK, as related by Diodorus and Thucydides ; being a 
First Greek Reading Book, with explanatory Notes, Critical 
and Historical. New Edition with a Vocabulary. Fcap. 8vo. 
y. (xL 

A HELP TO LATIN GRAMMAR ; or, The Form and 
Use of Words in Latin, with Progressive Exercises. Crown 
8vo. 41. 6d. 

THE SEVEN KINGS OF ROME. An Easy Narrative, 
abridged from the First Book of Livy by the omission of 
Difficult Passages; being a First Latin Reading Book, with 
ammatical Notes. New Edition. With Vocabulary, 3*. 6J. 
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WRIGHT Continued— 

FIRST LATIN STEPS; OR, AN INTRODUCTION 
BY A SERIES OF EXAMPLES TO THE STUDY 
OF THE LA TIN LANGUA GE. Crown 8vo. 5* 

ATTIC PRIMER. Arranged for the Use of Beginners. 
Extra fcap. 8vo. 4*. 6d. 

A COMPLETE LATIN COURSE, comprising Rules with 
Examples, Exercises, both Latin and English, on each Role, 
and Vocabularies. Crown 8vo. 4s. 6d. 
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AIRY— Works, by" Sir G. B. AIRY, K.C.B., Astronomer 
Royal 

ELEMENTARY TREATISE ON PARTIAL DIP- 
FERENTIAL EQUATIONS. Designed for the Use of 
Students in the Universities. With Diagrams. Second Edition. 
Crown 8vo. $s, 6d. 

CN THE ALGEBRAICAL AND NUMERICAL 
THEORY OF ERRORS OF OBSERVATIONS AND 
THE COMBINATION OF OBSERVATIONS. Second 
Edition, revised. Crown 8vo. 6s. 6d. 

UNDULATORY THEORY OF OPTICS. Designed for 
the Use of Students in the University. New Edition. Crown 
8vo. 6>. 6d. 

ON SOUND AND ATMOSPHERIC VIBRATIONS. 
With the Mathematical Elements of Music. Designed for the 
Use of Students in the University. Second Edition, Revised 
and Enlarged. Crown 8vo. gs. 

A TREATISE OF MAGNETISM. Designed for the Use 
of Students in the University. Crown 8vo. gs. 6d. 

AIRY (OSMUNDM TREATISE ON GEOMETRICAL 
' OPTICS. Adapted for the use of the Higher Classes in 
Schools. By Osmund Airy, B. A., one of the Mathematical 
Masters in Wellington College. Extra cap. 8vo. 3*. 6d. 
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BAYMA — THE ELEMENTS OF MOLECULAR MECHA- 
NICS* By Joseph Bayma, S.J., Professor of Philosophy, 
Stonyhurst College. Demy 8vo. ioj. 6d. 

B BASLE Y — AN ELEMENTARY TREATISE ON PLANE 
TRIGONOMETRY. With Examples. ByR. D. Beasley, 
M.A., Head Master of Grantham Grammar School. Fifth 
Edition, revised and enlarged. Crown 8vo. 3*. 6d. 

BLACKBURN (HUGH) — ELEMENTS OF PLANE 
TRIGONOMETRY, for the use of the Junior Class in 
Mathematics n the University of Glasgow. By Hugh 
Blackburn, M.A., Professor of Mathematics in the Univer- 
sity of Glasgow. Globe 8vo. is, 6d. 

BOOLE— Works by G. BOOLE, D.C.L., F.R.S., late Professor 
of Mathematics in the Queen's University, Ireland. 
A TREATISE ON DIFFERENTIAL EQUATIONS. 
Third and Revised Edition. Edited by I. Todhunter. Crown 
8vo. 14J. 

A TREATISE ON DIFFERENTIAL EQUATIONS. 
Supplementary Volume. Edited by L Todhunter. Crown 
8vo. $s. 6d. 

THE CALCULUS OF FINITE DIFFERENCES. 
Crown 8vo. ioj. 6d. New Edition, revised by J. F. 
Moulton. 

BROOK-SMITH (J .)— ARITHMETIC IN THEORY AND 
PRACTICE. By J. Brook-Smith, M.A., LL.B., St. 
John's College, Cambridge ; Barrister-at-Law ; one of the . 
Masters of Cheltenham College. New Edition, revised. 
Crown 8vo. 4J. 6d. 

CAMBRIDGE SENATE-HOUSE PROBLEMS and RIDERS 
WITH SOLUTIONS:— 

1875 — PROBLEMS AND RIDERS. By A. G. Greenhill, 
M.A. Crown 8vo. Ss. 6d. 

1 878 — SOL U TIONS OF SENATE-HOUSE PROBLEMS. 
By the Mathematical Moderators and Examiners. Edited by 
J. W. L. Glaisher, M.A., Fellow of Trinity College, 
Cambridge. \zs. 

^ Digitized by ^.OOgle 
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CANDIdBR — HELP TO ARITHMETIC. Designed for the 
use of Schools. By H. Candler, M.A., Mathematical 
Master of Uppingham School. Extra fcap. 8vo. 2s. 6d. 

CHEYNE — AN ELEMENTARY TREATISE ON THE 
PLANETARY THEORY. By C. H. H. Cheyne, M.A., 
F.R.A.S. With a Collection of Problems. Second Edition. 
Crown 8vo. 6j. 6d. 

CHRISTIE — A COLLECTION OF ELEMENTARY TEST 
QUESTIONS IN PURE AND MIXED MATHE- 
MATICS; with Answers and Appendices on Synthetic 
Division, and on the Solution of Numerical Equations by 
Horner's Method. By James R. Christie, F.R.S., Royal 
Military Academy, Woolwich. Crown 8vo. Ss. 6d. 

CU1TTOB.D-THE ELEMENTS OF DYNAMIC. An In- 
troduction to the Study of Motion and Rest in Solid and Fluid 
Bodies. By W. K. Clifford, F.R.S., Professor of Applied 
Mathematics and Mechanics at University College, London. 
Part I.— KINETIC. Crown 8vo. p. 6d. 

CUHMING — AN INTRODUCTION TO THE THEORY 
OF ELECTRICITY. By LiNNiEUS Cumming, M.A., 
one of the Masters of Rugby School. With Illustrations. 
Crown 8vo. &r. 6d. 

CUTHBERTBON — EUCLIDIAN GEOMETRY. By Francis 
Cuthbertson, M.A., LL.D., Head Mathematical Master of 
the City of London School Extra fcap. 8vo. 4*. 6d. 

D ALTON — Works by the Rev. T. DALTON, M.A., Assistant 
Master of Eton College. 

RULES AND EXAMPLES IN ARITHMETIC. New 
Edition. i8mo. 2s. 6d. 

' Answers to the Examples are appended. 

RULES AND EXAMPLES IN ALGEBRA. Part I. 
New Edition. i8mo. 2s. Part II. i8mo. 2s. 6d. 
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PAY — PROPER TIES OF CONIC SECTIONS PROVED 
GEOMETRICALLY. Part I., THE ELLIPSE, with 
Problems. By the Rev. H. G. Day, M.A. Crown 8vo. 
3J. 6d. 

DODGSON — EUCLID AND HIS MODERN RIVALS. By 
the Rev. C. L. Dodgson, M.A., Mathematical Lecturer, 
Christ Church, Oxford. Crown 8vo. [Nearly ready. 

DREW— GEOMETRICAL TREATISE ON CONIC SEC- 
TIONS. By W. H. Drew, M.A., St. John's College, 
Cambridge. New Edition, enlarged. Crown 8vo. $s. 

SOLUTIONS TO THE PROBLEMS IN DREW'S 
CONIC SECTIONS. Crown 8vo. 4*. 6d. 

EDGAR (J. H.) and PRITCHARD (G. S.)— NOTE-BOOK 
ON PRACTICAL SOLID OR DESCRIPTIVE GEO- 
METRY. Containing Problems with help for Solutions. By 
J. H. Edgar, M.A., Lecturer on Mechanical Drawing at the 
Royal School of Mines, and G. S. Pritchard. New Edition, 
revised and enlarged. Globe 8vo. 3j. 

FERRERS — Works by the Rev. N. M. FERRERS, M.A., Fellow 
and Tutor of Gonville and Caius College, Cambridge. 

AN ELEMENTARY TREATISE ON TR1 LINEAR 
CO-ORDINATES, the Method of Reciprocal Polars, and 
the Theory of Projectors. New Edition, revised. Crown 8vo. 
6s. 6d. 

AN ELEMENTARY TREATISE ON SPHERICAL 
HARMONICS, AND SUBJECTS CONNECTED WITH 
THEM. Crown 8vo. p. 6 J. 

PROST— Works by PERCIVAL FROST, M.A., formerly Fellow 
of St. John's College, Cambridge ; Mathematical Lecturer of 
King's College. 

AN ELEMENTARY TREATISE OA CURVE TRA- 
CING. By Percival Frost, M.A. 8vo. I2j. 

SOLID GEOMETRY. A New Edition, revised and enlarged 
of the Treatise by Frost and Wolstenholme. In 2 Vols. 
Vol. I. 8vo. i6> 
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OODFRAY— Works by HUGH GODFR AY, M.A., Mathematical 
Lecturer at Pembroke College, Cambridge. 
A TREATISE ON ASTRONOMY, for the Use of Colleges 
and Schools. New Edition. 8vo. 12s, 6d. 
AN ELEMENTARY TREATISE ON THE LUNAR 
THEORY, with a Brief Sketch of the Problem up to the ime 
of Newton. Second Edition, revised. Crown 8vo. 5*. 6d. 

HEMMING — AN ELEMENTARY TREATISE ON THE 
DIFFERENTIAL AND INTEGRAL CALCULUS, for 
the Use of Colleges and Schools. By G. W. Hemming, M.A., 
Fellow of St John's College, Cambridge. Second Edition, 
with Corrections and Additions. 8vo. 9*. 

JACKSON — GEOMETRICAL CONIC SECTIONS. An 
Elementary Treatise in which the Conic Sections are defined 
as the Plane Sections of a Cone, and treated by the Method 
of Projection. By J. Stuart Jackson, M. A., late Felfow of 
Gonville and Caius College, Cambridge. Crown 8vo. 4*. 6d. 

JELLET (JOHN H.) — A TREATISE ON THE THEORY 
OF FRICTION. By John H. Jellet, B. D. , Senior Fellow 
of Trinity College, Dublin; President of the Royal Irish 
Academy. 8vo. 8j. 6V. 

JONES and CHEYNE — ALGEBRAICAL EXERCISES. 
Progressively Arranged. By the Rev. C. A. Jones, M.A., and 
C. H. Cheyne, M.A. r F.R.A.S., Mathematical Masters of 
Westminster School. New Edition. i8mo. 2s. 6a. 

KELLAND and T AIT— INTRODUCTION TO QUATER- 
NIONS, with numerous examples. By P. Kelland, M.A., 
F.R.S. ; and P. G. Tait, M.A., Professors in the department 
of Mathematics in the University of Edinburgh. Crown 8vo. 
js. 6d. 

KITCHENER — A GEOMETRICAL NOTE-BOOK, containing 
Easy Problems in Geometrical Drawing preparatory to the 
Study of Geometry. For the use of Schools. By F. E. 
Kitchener, M.A., Mathemathical Master at Rugby. New 
Edition. 4to. 2s. Digitized by Google 
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MAUI.T— NATURAL GEOMETRY : an Introduction to the 
Logical Study of Mathematics. For Schools and Technica 
Classes. With Explanatory Models, based upon the Tachy- 
metrical Works of Ed. Lagout. By A. Mault. i8mo. is. 
Models to Illustrate the above, in Box, 12s. 6d. 

MERRIMAN — ELEMENTS OF THE METHOD OF 
LEAST SQUARES. By Mansfield Merriman, Ph.D. 
Professor of Civic and Mechanical Engineering, Lehigh Uni- 
versity, Bethlehem, Penn. Crown 8vo. p. 6d. 

VLllAUUL— ELEMENTS OF DESCRIPTIVE GEOMETRY 
By J. B. Millar, C.E., Assistant Lecturer in Engineering in 
Owens College, Manchester. Crown 8vo. 6s. 

MO ROAN — A COLLECTION OF PROBLEMS AND 
EXAMPLES IN MATHEMATICS. With Answers. 
By H. A. Morgan, M.A., Sadlerian and Mathematical 
Leclurer of Jesus College, Cambridge. Crown 8vo. dr. 6d. 

MUIR— DETERMINANTS. By Thos. Muir. Crown 8vo. 

[In Preparation. 

NEWTON'S PRINCIPIA. Edited by Prof. Sir W. Thomson 
and Professor Blackburn. 4to. cloth. 31J. 6d. 

THE FIRST THREE SECTIONS OF NEWTON S 
PRINCIPIA, With Notes and Illustrations. Also a col- 
lection of Problems, principally intended as Examples of 
Newton's Methods. By Percival Frost, M.A. Third 
Edition. 8vo. I2J. 

PARKINSON — Works by S. PARKINSON, D.D., F.R.S., 
Tutor and Prselector of St. John's College, Cambridge. 
AN ELEMENTARY TREATISE ON MECHANICS. 
For the Use of the Junior Classes at the University and the 
Higher Classes in Schools. With a Collection of Examples. 
New Edition, revised. Crown 8vo. cloth, gs. 6d. 

A TREATISE ON OPTICS. New Edition, revised and 
enlarged. Crown 8vo. cloth, xof. 6V. 

^DLEY — EXERCISES IN ARITHMETIC. ByS. TedliY. 

[In f reparation. 

Digitized by ^00<?lC 
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PHBAR — ELEMENTAR Y HYDROSTATICS. With Nu- 
merous Examples. By J. B. Phear, M.A., Fellow and late 
Assistant Tutor of Clare College, Cambridge. New Edition. 
Crown 8vo. cloth. $s. 6d. 

PIRIE — LESSONS ON RIGID DYNAMICS. By the Rev. 
G. Pirie, M.A., Fellow and Tutor of Queen's College, 
Cambridge. Crown 8vo. 6s. 

VUCKVB-AN ELEMENTARi TREATISE ON CONIC 
SECTIONS AND ALGEBRAIC GEOMETRY. With 
Numerous Examples and Hints for their Solution ; especially 
designed for the Use of Beginners. By G. H. Puckle, M.A. 
New Edition, revised and enlarged. Crown 8vo. p. 6d, 

RAWLINSON — ELEMENTARY ..STATICS, by the Rev. 
George Rawlinson, M.A. Edited by the Rev. Edward 
Sturges, M.A. Crown 8vo. \s. 6d. 

RAYUSIGH — THE THEORY OF SOUND. By Lord 
Rayleigh, M.A., F.R.S., formerly Fellow of Trinity College, 
Cambridge. 8vo. VoL I. 12s. 6d. Vol. II. 12s. 6d. 

[Vol. III. in the Press. 

REYNOLDS — MODERN METHODS IN ELEMENTARY 
GEOMETRY. By E. M. Reynolds, M.A., Mathematical 
Master in Clifton College. Crown 8vo. 3s. 6d. 

ROUTH — Works by EDWARD JOHN ROUTH, M.A.,F.R.S., 
late Fellow and Assistant Tutor of St. Peter's College, Cam- 
bridge ; Examiner in the University of London. 

AN ELEMENTARY TREATISE ON THE DYNAMICS 
OF THE SYSTEM OF RIGID BODIES. With numerous 
Examples. Third and enlarged Edition. 8vo. 2ls. 

STABILITY OF A GIVEN STATE OF MOTION, 
PARTICULARLY STEADY M07I0N. Adam*' Prize 
Essay for 1877. 8vo. Zs. 6d. Digitized by Google 

b 2 
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SMITH — Works by the Rev. BARNARD SMITH, M.A., 
Rector of Glaston, Rutland, late Fellow and Senior Bursar 
of St. Peter's College, Cambridge. 

ARITHMETIC AND ALGEBRA, in their Principles and 
Application ; with numerous systematically arranged Examples 
taken from the Cambridge Examination Papers, with especial 
reference to the Ordinary Examination for the B.A. Degree. 
New Edition, carefully revised. Crown 8vo. la*, (yd. 

ARITHMETIC FOR SCHOOLS. New Edition. Crown 
8vo. 4*. 6d. 

A KE\ TO THE ARITHMETIC FOR SCHOOLS. 
New Edition. Crown 8vo. Ss. 6d. 

EXERCISES IN ARITHMETIC. Crown 8vo. limp cloth. 
28. With Answers. 2s. 6a. 

Or sold separately, Part I. is. ; Part II. is. ; Answers, 6d. 

SCHOOL CLASS-BOOK OF ARITHMETIC. i8mo. 
cloth, y. 

Or sold separately, in Three Parts, is. each. 

KEYS TO SCHOOL CLASS-BOOK OF ARITHMETIC. 
Parts I., II., and III., 2s. 6d. each. 

SHILLING BOOK OF ARITHMETIC FOR NA TIONAL 
AND ELEMENTARY SCHOOLS. i8mo. doth. Or 
separately, Part I. 2d. ; Part IL yi. ; Part III. *jd. Answers. 
6d. 

THE SAME, with Answers complete. i8mo, cloth, is. 6d 

KEY TO SHILLING BOOK OF ARITHMETIC. 
i8mo. 4j. 6d. 

EXAM1NA TION PAPERS IN ARITHMETIC. i8mo. 
is. 6d. The same, with Answers, 1 8 mo. 2s. Answers, 6d. 

KEY TO EXAMINATION PAPERS IN ARITH- 
METIC. i8mo. 4X.6V. 
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SMITH Continued— 

THE METRIC SYSTEM OF ARITHMETIC, ITS 
PRINCIPLES AND APPLICATIONS, with numerous 
Examples, written expressly for Standard V. in National 
Schools. New Edition. i8mo. cloth, sewed. $d. 

A CHART OF THE METRIC SYSTEM, on a Sheet, 
size 42 in. by 34 in. on Roller, mounted and varnished, price 
3*. 6d. New Edition. 

Also a Small Chart on a Card, price id. 

EASY LESSONS IN ARITHMETIC u combining Exercises 
in Reading, Writing, Spelling, and Dictation. Fart I. for 
Standard I. in National Schools. Crown 8vo. gd. 

EXAMINATION CARDS IN ARITHMETIC. (Dedi- 
cated to Lord Sandon.) With Answers and Hints. 

Standards I. and II. in box, is. Standards III., IV. and V., 
in boxes, is. each. Standard VL in Two Parts, in boxes, 
is. each. 

A and B papers, of nearly the same difficulty, are given so as to 
prevent copying, and the Colours of the A and B papers differ in 
each Standard, and from those of every other Standard, so that a 
master or mistress can see at a glance whether the children have the 
proper papers. 

SNOWBALL — THE ELEMENTS OF PLANE AND 
SPHERICAL TRIGONOMETRY; with the Construction 
and Use of Tables of Logarithms. By J. C. Snowball, M. A. 
New Edition. Crown 8vo. p. 6d. 

SYLLABUS OF PLANE GEOMETRY (corresponding to 
Euclid, Books I.— VI.). Prepared by the Association for the 
Improvement of Geometrical Teaching. New Edition. Crown 
8vo. is. 

TAIT and STEELE — A TREATISE ON DYNAMICS OF 
A PARTICLE. With numerous Examples. By Professor 
Tait and Mr. Steels, Fourth Edition, revised. Crown 8vo. 
12s. 
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TBBAY — ELEMENTAR Y MENSURATION FOR 
SCHOOLS. With numerous Examples. By Septimus 
Tebay, B.A., Head Master of Queen Elizabeth's Grammar 
School, Rivington. Extra fcap. 8yo. y. dd. 

TODHUNTBR— Works by I. TODHUNTBR, M.A., F.R.S., of 
St. John's College, Cambridge. 

' Mr. Todhunter is chiefly known to students of Mathematics as the 
author of a series of admirable mathematical text-books, which possess 
the rare qualities of being clear in style and absolutely free from mistakes, 
typographical or other."— Saturday Review. 

THE ELEMENTS OF EUCLID. For the Use of Colleges 
and Schools. New Edition. i8mo. $s. 6d. 

MENSURATION FOR BEGINNERS. With numerous 
Examples. New Edition. i8mo. 2s. 6d. 

ALGEBRA FOR BEGINNERS. With numerous Examples. 
New Edition. i8mo. 2s. 6d. 

KEY TO ALGEBRA FOR BEGINNERS. Crown 8vo. 
6s. 6d. 

TRIGONOMETRY FOR BEGINNERS. With numerous 
Examples. New Edition. i8mo. 2$. 6d. 

KEY TO TRIGONOMETRY FOR BEGINNERS. 
Crown 8vo. 8/. 6d. 

MECHANICS FOR BEGINNERS. With numerous 
Examples. New Edition. i8mo. 4s. 6d. 

KEY TO MECHANICS FOR BEGINNERS. Crown 
8vo. 6s. 6d. 

ALGEBRA. For the Use of Colleges and Schools. New 
Edition. Crown 8vo, p. 6d. 

KEY TO ALGEBRA FOR THE USE Of COLLEGES 
AND SCHOOLS. Crown 8vo. ior. 6d. 

W ELEMENTARY TREATISE ON THE THEORY 
* EQUATIONS. New Edition, revised. Crown 8vo. 

Digitized by Google 
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TODHUNTER Continued— 

PLANE TRIGONOMETRY. For Schools and Colleges. 
New Edition. Crown 8vo. &r. 

KEY TO PLANE TRIGONOMETRY. Crown 8vo. 
10s. 6d. 

A TREATISE ON SPHERICAL TRIGONOMETRY. 
New Edition, enlarged. Crown 8vo. 45. 6d. 

PLANE CO-ORDINATE GEOMETRY, as applied to the 
Straight line and the Conic Sections. With numerous 
Examples. New Edition, revised and enlarged. Crown 8vo. 
Js. 6d. * 

A TREATISE ON THE DIFFERENTIAL CALCULUS. 
With numerous Examples. New Edition. Crown 8vo. 
I or. 6d. 

A TREATISE ON THE INTEGRAL CALCULUS AND 
ITS APPLICATIONS. With numerous Examples. New 
Edition, revised and enlarged. Crown 8vo. ior. 6d. 

EXAMPLES OF ANALYTICAL GEOMETRY OF 
THREE DIMENSIONS. New Edition, revised. Crown 
8vo. 41. 

A TREATISE ON ANALYTICAL STATICS. With 
numerous Examples. New Edition, revised and enlarged. 
Crown 8vo. ioj. 6d. 

A HISTORY OF THE MATHEMATICAL THEORY 
OF PROBABILITY, from the time of Pascal to that of 
Laplace. 8vo. I&r. 

RESEARCHES IN THE CALCULUS OF VARIA- 
TIONS, principally on the Theory of Discontinuous Solutions : 
an Essay to which the Adams Prize was awarded in the 
University of Cambridge in 1871. 8vo^ igitiz 6^ y GoOQle 
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TODHUNTER Continued— 

A HISTORY OF THE MATHEMATICAL THEORIES 
OF ATTRACTION, AND THE FIGURE OF THE 
EARTH, from the time of Newton to that of Laplace. 2 vols. 
8vo. 24J. 

AN ELEMENTARY TREATISE ON LAPLACE'S, 
LAMES, AND BESSEL'S FUNCTIONS. Crown 8vo. 
I or. 6d. 

WILSON (J. M.)— ELEMENTARY GEOMETRY. Books 
I. to V. Containing the Subjects of Euclid's first Six 
Books. Following the Syllabus of the Geometrical Association. 
By J. M. Wilson, M.A., Head Master of Clifton College. 
New Edition. Extra fcap. 8vo. 4*. 6d. 

SOLID GEOMETRY AND CONIC SECTIONS. With 
Appendices on Transversals and Harmonic Division. For the 
Use of Schools. By J. M. Wilson, M.A. New Edition. 
Extra fcap. 8vo. $t. 6d. 

WILSON- GRADUATED EXERCISES IN PLANE TRI- 
GONOMETRY. Compiled and arranged by J. Wilson, 
M.A., and S. R. Wilson, B.A. Crown 8vo. {Immediately. 

WILSON (W. V.)—A TREATISE ON DYNAMICS. By 
W. P. Wilson, M.A., Fellow of St. John's College, Cam- 
bridge, and Professor of Mathematics in Queen's College, 
Belfast. 8vo. 91. 6d. 

WOL8TENHOLME — MA THEM A TICAL PROBLEMS, on 
Subjects included in the First and Second Divisions of the 
Schedule of Subjects for the Cambridge Mathematical Tripos 
Examination. Devised and arranged by JOSEPH WOLSTEN- 
holme, late Fellow of Christ's College, sometime Fellow of 
St. John's College, and Professor of Mathematics in the Royal 
Indian Engineering College. New Edition greatly enlarged. 
8vo. i8j. 
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SCIENCE PRIMERS FOR ELEMENTARY 
SCHOOLS. 

Under the joint Editorship of Professors Huxley, Roscoe, and 
Balfour Stewart. 

"These Primers are extremely simple and attractive, and thoroughly 
answer their purpose of just leading the young beginner up to the thresh- 
old of the long avenues in the Palace of Mature which these titles suggest." 
— Guardian. 

"They are wonderfully clear and lucid in their instruction, simple in 
style, and admirable in plan. "—Educational Times. 

CHEMISTRY — By H. E. Roscoe, F.R.S., Professor of 
Chemistry in Owens College, Manchester. With numerous 
Illustrations. i8mo. is. New Edition. With Questions. 

" A very model of perspicacity and accuracy.*— Chbmist and Drug- 
gist. 

PHY8IC8 — By Balfour Stewart, F.R.S., Professor of Natural 
Philosophy in Owens College, Manchester.* With numerous 
Illustrations. i8mo. is. New Edition. With Questions. 

PHYSICAL GEOGRAPHY— By ARCHIBALD GsiKIE, F.R.S., 
Murchison Professor of Geology and Mineralogy at Edin- 
burgh. With numerous Illustrations. New Edition, with 
Questions. i8mo. is. 

"Everyone of his lessons is marked by simplicity, clearness, and 
correctness. M — Athen/bum. 

GEOLOGY — By Professor Geikie, F.R.S. With numerous 

Illustrations. New Edition. i8rao. cloth, is. 

" It is hardly possible for the dullest child to misunderstand the meaning 
of a classification of stones after Professor Geikie's explanation. "—School 
Board Chronicle. 

PHYSIOUOOY— By Michael Foster, M.D., F.R.S. With 
numerous Illustrations. New Edition. i8mo. is. 

"The book seems to us to leave nothing to be desired as an element? 
text-book. --Academy. ■ Digitizedb ^ 



26 MACMILLAN'S EDUCATIONAL CATALOGUE. 



SOXBNOB PRIMERS Continued— 

ASTRONOMY — By J. NORMAN LOCKYBR, F.R.S. With 

numerous Illustrations, New Edition. i8mo. is. 

"This is altogether one of the most likely attempts we have ever seen to 
bring astronomy down to the capacity of the young child." — School 
Board Chronicle. 

BOTANY — By Sir J. D. Hooker, K.C.S.I., C B., President 
of the Royal Society With numerous Illustrations. New 
Edition. i8mo. is. 

"To teachers the Primer will be of inestimable value, and not only 
because of the simplicity of the language and the clearness with which the 
subject matter is treated, but also on account of its coming from the highest 
authority, and so furnishing positive information as to the most suitable 
mehods of teaching the science of botany." — Nature. 

LOGIC— By Professor Stanley Jevons, F.R.S. New Edition. 
i8mo. is. 

" It appears to us admirably adapted to serve both as an introduction 
to scientific reasoning, and as a guide to sound judgment and reasoning 
in the ordinary affairs of life."— Academy. 

POLITICAL ECONOMY— By Professor Stanley Jevons, 

F. R.S. i8mo. is. 

" Unquestionably in every respect an admirable primer."— School 
Board Chronicle. 

In preparation: — 
1NTR0D U Q TOR Y % By Professor Huxley. &c. Ac. 

ELEMENTARY CLASS-BOOKS. 

ASTRONOMY, by the Astronomer Royml. 

POPULAR ASTRONOMY. With Illustrations. By Sir 

G. B. Airy, K.C.B., Astronomer Royal. New Edition. 
i8mo. 4*. 6d. 

ASTRONOMY. 

ELEMENTARY LESSONS IN ASTRONOMY. With 
Coloured Diagram of the Spectra of the Sun, Stars, and 
Nebulae, and numerous Illustrations. By J. Norman Lockyer, 
.R.S. New Edition. Fcap. 8vo. 5/. 6d. 

"Full, dear, sound, and worthy of attention, not only as a popular 
xposition, but as a scientific « Index.' M -ATHEN*UM,oOg[e 
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ELEMENTARY CLASS-BOOKS Continued— 

QUESTIONS ON LOCKYEKS ELEMENTARY LES- 
SONS IN ASTRONOMY. For the Use of Schools. By 
John Forbbs-Robertson. i8mo. cloth limp. is. 6d. 

PHYSIOLOGY. 

LESSONS IN ELEMENTARY PHYSIOLOGY. With 
numerous Illustrations. ByT. H. Huxley, F.R.S., Professor 
ot Natural History in the Royal School of Mines. New 
Edition. Fcap. 8vo. 4*. 6V. 

" Pure gold throughout"— Guardian. 

" Unquestionably the clearest and most complete elementary treatise 
on this subject that we possess in any language."— Westminster Review. 

QUESTIONS ON HUXLEY'S PHYSIOLOGY FOR 
SCHOOLS. By T. Alcock, M.D. i8mo. is. 6d. 

BOTANY. 

LESSONS IN ELEMENTARY BOTANY. By D. 
Oliver, F.R.S., F.L.S., Professor of Botany in University 
College, London. With nearly Two Hundred Illustrations 
New Edition. Fcap. 8vo. 41. 6d. 

CHEMISTRY. 

LESSONS IN ELEMENTARY CHEMISTRY, IN- 
ORGANIC AND ORGANIC. By Henry E. Roscoe, 
F.R.S., Professor of Chemistry in Owens College, Manchester. 
With numerous Illustrations and Chromo-Litho of the Solar 
Spectrum, and of the Alkalies and Alkaline Earths. New 
Edition. Fcap. 8vo. 4* 6d. 

"As a standard general text-book it deserves to take a leading place."— 
Spectator. 

" We unhesitatingly pronounce it the best of all our elementary treatises 
on Chemistry." — Medical Times. 

A SERIES OF CHEMICAL PROBLEMS, prepared with 
Special Reference to the above, by T. E. Thorpe, Ph.D., 
Professor of Chemistry in the Yorkshire College of Science, 
Leeds. Adapted for the preparation of Students for the 
Government, Science, and Society of Arts Examinations. With 
a Preface by Professor Roscoe. Fifth Edition, with Kr 

l8mO. 2S. Digitized by GoOgk 
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ELEMENTARY .CLASS-BOOKS Continual— 
POLITICAL ECONOMY. 

POLITICAL ECONOMY FOR BEGINNERS. By 
Millicent G. Fawcett. New Edition. i8mo. 2s. 6d. 

" Clear, compact, and comprehensive."— Daily News. 

•* The relations of capital and labour have never been more simply or 
more clearly expounded."— Contemporary Review. 

LOGIC. 

ELEMENTARY LESSONS IN LOGIC; Deductive and 

Inductive, with copious Questions and Examples, and a 

Vocabulary of Logical Terms. By W. Stanley Jevons, M.A., 

Professor of Political Economy in University College, London. 

New Edition. Fcap. 8vo. • 3*. 6d. 

" Nothing can be better for a school-book.' —Guardian. 

"A manual alike simple, interesting, and scientific. " — Athxkauu. 

PHYSICS. 

LESSONS IN ELEMENTARY PHYSICS. By Balfour 
Stewart, F.R.S., Professor of Natural Philosophy in Owens 
College, Manchester. With numerous Illustrations and Chromo- 
litho of the Spectra of the Sun, Stars, and Nebulas. New 
Edition. Fcap. 8vo. 4s. 6d. 

" The beau-ideal of a scientific text-book, clear, accurate, and thorough." 
—Educational Times. 

PRACTICAL CHEMISTRY. 

. THE OWENS COLLEGE JUNIOR COURSE OF 
PRACTICAL CHEMISTRY. By Francis Jones, Chemical 
Master in the Grammar School, Manchester. With Preface by 
Professor Roscoe, and Illustrations. New Edition. i8mo. 
2s. 6d. 

CHEMISTRY. v 

QUESTIONS AND EXERCISES IN CHEMISTRY. 
By Francis Jones, Chemical Master in the Grammar School, 
Manchester. [In preparation. 

ANATOMY. 

LESSONS IN ELEMENTARY ANATOMY. By St. 

George Mivart, F.R.S., Lecturer in Comparative Anatomy 

at St. Mary's Hospital. With upwards of 400 Illustrations. 

Fcap. 8vo. 6>. 6d m 

" It may be questioned whether any other work on anatomy contains in 
e compass so proportionately great a mass of information."— Lancet. 

"The work is excellent, and should be in the hands of every student of 

nan anatomy."— Medical Times. 

Digitized by LjOOQIC 
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ELEMENTARY CLASS-BOOKS Continued— 
MECHANICS. 

AN ELEMENTARY TREATISE. By A. B. W. 
Kennedy, C.E., Professor of Applied Mechanics in University 
College, London. With Illustrations. [In preparation, 

STEAM. 

AN ELEMENTARY TREATISE. By John Perry, 
Professor of Engineering, Imperial College of Engineering, 
Yedo. With numerous Woodcuts and Numerical Examples 
and Exercises. i8mo. 41* 6d. 

" The young engineer and those seeking for a comprehensive knowledge 
of the use, power, and economy of steam, could not have a more useful 
work, as it is very intelligible, well arranged, and practical throughout. " — 
* Ironmonger. 

PHYSICAL GEOGRAPHY. 

ELEMENTARY LESSONS IN PHYSICAL GEO- 
GRAPHY. By A. Geikie, F.R.S., Murchison Professor 
of /Geology, &c, Edinburgh. With numerous Illustrations. 
Fcap. 8vo. 45. 6d. 

QUESTIONS ON THE SAME. is. 6a. 

GEOGRAPHY. 

t CLASS-BOOK OF GEOGRAPHY. By C. B. Clarke, M. A., 
F.R.G.S. Fcap. 8vo. 2s. 6d. 

NATURAL PHILOSOPHY. 

NATURAL PHILOSOPHY FOR BEGINNERS. By 
I. Todhunter, M.A., F.R.S. Part I. The Properties of 
Solid and Fluid Bodies. i8mo. 3J. 6d. 
Part II. Sound, Light, and Heat. i8mo. jx. 6d. 

SOUND — AN ELEMENTARY TREATISE. By W.H. Stone, 
M.D., F.R.S. With Illustrations. i8mo. [In the Press. 

Others in Preparation. 
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MANUALS FOR STUDENTS. 

Crown 8vo. 



DTBR AND VINES— THE STRUCTURE OF PLANTS. By 
Professor Thiselton Dyer, F.R.S., assisted by Sydney 
Vines, B.Sc, Fellow and Lecturer of Christ's College, 
Cambridge. With numerous Illustrations. [In preparation. 

PAWOETT —A MANUAL OF POLITICAL .ECONOMi. 
By Professor Fawcett, M.P. New Edition, revised and 
enlarged. Crown 8vo. 12s. J>a. 

FLEISCHER — A SYSTEM OF VOLUMETRIC ANALY- 
SIS. Translated, with Notes and Additions, from the second 
German Edition, by M. M. Pattison Muir, F.R.S.E. With 
Illustrations. Crown 8vo. p. 6d. 

FLOWER (W. H.)— AN INTRODUCTION TO THE OSTE- 
OLOGY OF THE MAMMALIA. Being the substance of 
the Course of Lectures delivered at the Royal College of 
Surgeons of England in 1870. By Professor W. H. Flower, 
F.R.S., F.R.C.S. With numerous Illustrations. New Edition, 
enlarged. Crown 8vo. ioj. 6d. 

FOSTER and BALFOUR — THE ELEMENTS OF EMBRYO- 
LOGY. By Michael Foster, M.D., F.R.S., and F. M. 
Balfour, M.A. Part I. crown 8vo. 7j. 6d. 

FOSTER and LAN6LEY — A COURSE OF ELEMENTARY 
PRACTICAL PHYSIOLOGY. By Michael Foster, 
M.D., F.R.S., and J. N. Langley, B.A. New Edition. 
Crown 8vo. 6j. 



HOOKER (Dr.)— THE STUDENT^ FLORA OF THE 
BRITISH ISLANDS. By Sir J. D. Hooker, K.C.S.L, 
^.B., F.R.S., M.D., D.C.L. New Edition, revised. Globe 
>. 1 of. 6V, 

Digitized by ^OOQlC 
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MANUALS FOR STUDENTS Continued— 

HUXLEY — PHYSIOGRAPHY, An Introduction to the Study of 
Nature. By Professor Huxley, F.R.S. With numerous Illus- 
trations, and Coloured Plates. New Edition. Crown 8vo. 7J.6V. 

HUXLEY and MARTIN — A COURSE OF PRACTICAL 
INSTRUCTION IN ELEMENTARY BIOLOGY. By 
Professor Huxley, F.R.S., assisted by H. N. Martin, M.B., 
D.Sc. New Edition, revised. Crown 8vo. 6s. 

HUXLEY and PARKER — ELEMENTAR Y BIOLOGY. 
PART II. By Professor Huxley, F.R.S., assisted by 
— Parker. With Illustrations. [In preparation. 

MV019B—THE PRINCIPLES OF SCIENCE. A Treatise 
on Logic and Scientific Method. By Professor W. Stanley 
Jevons, LL.D., F.R.S. New and Revised Edition. Crown 
8vo. 12s. 6d. 

OLIVER (P rof eaaor) — FIRS T BOOK OF INDIA N BO TANY. 
By Professor Daniel Oliver, F.R.S., F.L.S., Keeper of 
the Herbarium and Library of the Royal Gardens, Kew, 
With numerous Illustrations. Extra fcap. 8vo. dr. 6d. 

PARKER and BETTANY — THE MORPHOLOGY OF 
THE SKULL. By Professor Parker and G. T. Bettany. 
Illustrated. Crown 8vo. I or. 6d, 

T AIT— AN ELEMENTARY TREATISE ON HEAT. By 
Professor Tait, F. R. S. E. Illustrated. [In the Press. 

THOMSON — ZOOLOGY. By Sir C. Wyville Thomson, F.R.S. 
Illustrated. [In preparation. 

TYLOR and LANKESTER — ANTHROPOLOGY. By E. B. 
Tylor, M.A., F.R.S., and Professor E. Ray Lankester, 
M.A., F.R.S. Illustrated. [In Reparation. 

Other volumes ot these Manuals will follow. 
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SCIENTIFIC TEXT-BOOKS. 

BALL (R. S., A.M .) — EXPERIMENTAL MECHANICS. A 
Course of Lectures delivered at the Royal College of Science 
• for Ireland. By R. S. Ball, A.M., Professor of Applied 
Mathematics and Mechanics in the Royal College of Science 
for Ireland. Royal 8vo. io>. 



A TEX7 BOOK OF PHYSIOLOGY. By Michael 
Foster, M.D., F.R.S. With Illustrations. New Edition, 
enlarged, with additional Illustrations. 8vo. 2is. 

GAHOES — A TEXTBOOK, SYSTEMATIC AND PRAC- 
TICAL, OF THE PHYSIOLOGICAL CHEMISTRY OF 
THE ANIMAL BODY. Including the changes which the 
Tissues and Fluids undergo in Disease. By A. Gamgee, 
M.D., F.R.S., Professor of Physiology, Owens College, 
Manchester. 8vo. [In preparation. 

GBGENBAUR — ELEMENTS OF COMPARATIVE ANA- 
TOMY. By Professor Carl Gegeneaur. A Translation by 
F. Jeffrey Bell, B.A. Revised with Preface by Professor 
E. Ray Lankester, F.R.S. With numerous Illustrations. 
8vo. 2 1 j. 

KLAUS IUS — MECHANICAL THEORY OF HEA T. Trans- 
lated by Walter K. Browne. 8vo. [In preparation. 

NBWCOMB — POPULAR ASTRONOMY. By S. Newcomb, 
LL.D., Professor U.S. Naval Observatory. With 112 Illus- 
trations and 5 Maps of the Stars. 8vo. i&r. 

" It is unlike anything else of its kind, and will be of more use in circulating 
a knowledge of astronomy than nine-tenths of the books which have appeared 
on the subject of late years." — Saturday Rtvicu. 

BBUIiEAUX — THE KINEMATICS OF MACHINERY. 
Outlines of a Theory of Machines. By Professor F. Reuleaux. 
Translated and Edited by Professor A. B. Kennedy, C.E. 
With 450 Illustrations. Medium 8vo. 2U. 

Digitized by VjOOQLC 
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SCIENTIFIC TEXT-BOOKS Continued— 

ROSCOEand SCHORLEMMER— CHEMISTRY, A Complete 
Treatise on. By Professor H. E. ROSCOB, F.R.S., and Pro- 
fessor C. Schorlemmer, F.R.S. Medium 8vo. Vol. I. — 
The Non-Metallic Elements. With numerous Illustrations, and 
Portrait of Dalton. 21s. Vol. II.— Metals. Part I. Illus- 
trated. i8x. [ Vol. II.— Metals. Part II. in the press. 

SCHORLEMMER — A MANUAL OF THE CHEMISTRY OF 
THE CARBON COMPOUNDS, OR ORGANIC CHE- 
MISTRY. By C. Schorlemmer, F.R.S., Professor of 
Chemistry, Owens College, Manchester. With Illustrations. 
8vo. 14J. 

NATURE SERIES. 

THE SPECTROSCOPE AND ITS APPLICATIONS. By 
J. Norman Lockyer, F.R.S. With Coloured Plate and 
numerous Illustrations. Second Edition. Crown 8vo. 3s. 6d. 

THE ORIGIN AND METAMORPHOSES OF INSECTS. 
By Sir John Lubbock, M.P., F.R.S., D.C.L, With nume- 
rous Illustrations. Second Edition. Crown 8vo. $r. 6d. 

THE TRANSIT OF VENUS. By G. Forbes, M.A., Pro- 
fessor of Natural Philosophy in the Andersonian University, 
Glasgow. Illustrated. Crown 8vo. £r. 6d. 

THE COMMON FROG. By St. George Mivart, F.R.S., 
Lecturer in Comparative Anatomy at St. Mary's Hospital. 
With numerous Illustrations. Crown 8vo. y. 6d. 

POLARISATION OF LIGHT. By W. Spottiswoode, F.R.S. 
With many Illustrations. Second Edition. Crown 8vo. 
3'. 6* 

ON BRITISH WILD FLOWERS CONSIDERED IN RE- 
LATION TO INSECTS. By Sir John Lubbock, M.P., 
F.R.S. With numerous Illustrations. Second Edition. Crown 
8vo. 4s. 6d. 

THE SCIENCE OF WEIGHING AND MEASURING, AND 
THE STANDARDS OF MEASURE AND WEIGHT. 
By H. W. Chisholm, Warden of the Standards. With 
numerous Illustrations. Crown 8vo. 4s. 6a 9 . 

Digitized by 
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MATURE SERIES Continued— 

HOW TO DRAW A STRAIGHT LINE : a Lecture on link- 
ages. By A. B.KEMPS. With Illustrations. Crown 8vo. is. 6d. 

LIGHT: a Series of Simple, entertaining, and Inexpensive Expe- 
riments in the Phenomena of Light, for the Use of Students of 
every age. By A. M. Mayer and C. Barnard. Crown 8vo, 
with numerous Illustrations, 2s. 6d. 

SOUND : a Series of Simple, Entertaining, and Inexpensive Ex- 
periments in the Phenomena of Sound, for the use of Students 
oi every age. By A. M. Mayer, Professor of Physics in 
the Stevens Institute of Technology, &c With numerous 
Illustrations. Crown 8vo. 3-r. 6d. >. 

Other volumes to follow, 

EASY LESSONS IN SCIENCE. 

HEAT. By Miss C. A. Martineau. Edited by Prof, W. F. 
Barrett. [In the press, 

LIGHT. By Mrs. Awdry. Edited by Prof. W. F. Barrett. 

[In the press. 

ELECTRICITY. By Prof. W. F. Barrett. [In preparation. 



SCIENCE LECTURES AT SOUTH 
KENSINGTON. 

VOL. I. Containing Lectures by Capt Abney, Prof. Stokes, 
Prof. Kennedy, F. G. Bramwell, Prof. G. Forbes, H. C. 
Sorby, J. T. Bottomley, S. H. Vines, and Prof. Carey 
Foster. Crown 8vo. 6s. 

VOL. II. Containing Lectures by W. Spottiswoode, P.R.S., 
Prof, Forbes, Prof. Pigot, Prof. Barrett, Dr. Burdon- 
Sanderson, Dr. Lauder Brunton, F.R.S., Prof. Roscoe, 
and others. Crown 8vo. 6s. 
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MANCHESTER SCIENCE LECTURES 
FOR THE PEOPLE. 

Eighth Series, 1876-7. Crown 8vo. Illustrated. 6d. each. 
WHA7 THE EARTH IS COMPOSED OF. By Professor 
Roscob, F.R.S. 

THE SUCCESSION OF LIFE ON THE EARTH By 
Professor Williamson, F.R.S. 

WHY THE EARTHS CHEMISTRY IS AS IT IS. By 
J. N. Lockyer, F.R.S. 

Also complete in One Volume. Crown 8vo. cloth. 2s. 
BLANFORD — THE RUDIMENTS OF PHYSICAL GEO- 
GRAPHY FOR THE USE OF INDIAN SCHOOLS; with 
a Glossary of Technical Terms employed. By H. F. Blanford, 
F. R. S. New Edition, with Illustrations. Globe 8vo. 2s. 6d. 

HVBUETT—PHYSICAL UNITS. By Prof. J. D. Everett. 

Extra fcap. 8vo. [In the press. 

OBI KIB — U7 LINES OF FIELD GEOLOGY. By Prof. 

Geikie, F.R.S. With Illustrations. Extra fcap. 8vo. 6d. 
GORDON — AN ELEMENTARY BOOK ON HEAT. By 

J. E. H. Gordon, B.A., Gonville and Caius College, Cam. 

bridge. Crown 8vo. 2s. 
M'KBNDRIOK — OUTLINES OF PHYSIOLOGY IN ITS 

RELATIONS TO MAN. By J. G. M'Kendrick, M.D.,' 

F.R.S.E. With Illustrations. Crown 8vo. 12s. 6d. 

VZAiar-STUDIES IN COMPARA TIVE ANA TOMY. 

No. I. — The Skull of the Crocodile : a Manual for Students. 
By L. C. Miall, Professor of Biology in the Yorkshire College 
and Curator of the Leeds Museum. 8vo. 2s. 6d. 
No. II. — Anatomy of the Indian Elephant. By L. C. Miall 
and F. Greenwood. With Illustrations. 8vo. 5*. 

MUIR- PRACTICAL CHEMISTRY FOR MEDICAL STU- 
DENTS. Specially arranged for the first M.B. Course. By 
M. M. Pattison Muir, F.R.S.E. Fcap. 8vo. is. 6d. 

8HANN — AN ELEMENTARY TREATISE ON HEAT, IN 
RELATION TO STEAM AND THE STEAM-ENGINE. 
By G. Shann, M.A. With Illustrations. Crown 8 vo. 4* (kl 
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WRIGHT — METALS AND THEIR CHIEF INDUSTRIAL 
APPLICATIONS. By C. Alder Wright, D.Sc, &c. 
Lecturer on Chemistry in St Mary's Hospital Medical School. 
Extra, t cap. Svo. $s . 6V. 

HISTORY. 

BEESLT — S TOR I ES PROM THE HISTORY OF ROME. 
By Mrs. Beesly. Fcap. 8vo. 2s. 6d. 

, . " The attempt appears to us in every way successful. The stories are 
interesting in themselves, and are told with perfect simplicity and good 
feeling." — Daily News. 

FREEMAN (EDWARD A.)— OLD-ENGLISH HISTORY. 
By Edward A. Freeman, D.C.L., LL.D., late Fellow of 
Trinity College, Oxford. With Five Coloured ,Maps. New 
Edition. Extra fcap. 8vo. half-bound. 6s. 

GREEN— A SHORT HISTORY OF THE ENGLISH 

PEOPLE. By John Richard Green, M.A., LL.D. With 

Coloured Maps, Genealogical Tables, and Chronological 

Annals. Crown 8va &r. 6d. Sixty-second Thousand. 

"Stands alone as the one general history of the country, for the sake 
of which all others, if young and old are wise, will be speedily and surely 
set aside.**— Academy. 

GUEST- LECTURES ON THE HISTORY OF ENGLAND. 
By M. J. Guest. With Maps. Crown Svo. 6j. 

HISTORICAL COURSE FOR SCHOOLS — Edited by 
Edward A. Freeman, D.C.L., late Fellow of Trinity 
College, Oxford. 

I. GENERAL SKETCH OF EUROPEAN HISTORY. 
By Edward A. Freeman, D.C.L. New Edition, revised 
and enlarged, with Chronological Table, Maps, and Index. 
i8mo. cloth. 3 s. 6d. 

" It supplies the great want of a good foundation for historical teaching. 
The scheme is an excellent one, and this instalment has been executed in 
a way that promises much for the volumes that are yet to appear.**— 
Educational Times, 

II. HISTORY OF ENGLAND. By Edith Thompson. 
New Edition, revised and enlarged, with' Maps. i8nio. 2s. 6d. 

III. HISTORY OF SCOTLAND. By Margaret 

Macarthur. New Edition. i8mo. 2s. 

" Ah excellent summary, unimpeachable as to facts, and putting them 
in the clearest and most impartial light attainable."— Guardian. 
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HISTORICAL COURSE FOR SCHOOLS Continued— 

IV. HISTORY OF /TALI. By the Rev. W. Hunt, M.A. 
i8mo. 3*. 

44 It possesses the same solid merit as its predecessors .... the same 
scrupulous care about fidelity in details. . . . It is distinguished, too, by 
information on art, architecture, and social politics, in which the writer s 
grasp is seen by the firmness and clearness oc his touch" — Educational 

TIMES. 

V. HISTORY OF GERMANY. By J. Simb, M.A. 
i8mo. 3*. 

"A remarkably clear and impressive history of Germany. Its great 
events are wisely kept as central figures, and the smaller events are care- 
fully kept, not only subordinate and subservient, but most skilfully woven 
into the texture of the historical tapestry presented to the eye."— 
Standard. 

VI. HISTORY OF AMERICA. By John A. Doyle. 
With Maps. iSmo. 4s. 6a. 

" Mr. Doyle has performed his task with admirable care, fulness, and 
clearness, and for the first time we have for schools an accurate and inter- 
esting history of America, from the earliest to the present time."— 
Standard. 

EUROPEAN COLONIES. By E. J. Payne, M.A. With 
Maps. i8mo. 4s. 6d. 

"We have seldom met with an nistorian capable of forming a more 
comprehensive, far-seeing, and unprejudiced estimate of events and 
peoples, and we can commend this little work as one certain to prove of 
the highest interest to all thoughtful readers." — Timbs. 

FRANCE. By Charlotte M. Yonge. With Maps. i8mo. 
3s.6<i. 

GREECE. By Edward A. Freeman, D.C.L. 

[In preparation. 

ROME. By Edward A. Freeman, D.C.L. [In preparation. 

HISTORY PRIMERS — Edited by John Richard Green. 
Author of " A Short History of the English People." 
ROME. By the Rev. M. Creighton, M.A., late Fellow 
and Tutor of Merton College, Oxford. With Eleven Maps. 
iSmo. is. 

"The author has been curiously successful in teUing in an intelli- 
gent way the story 0/ £ome from first to last." — School. Board 
Chronicle. 

GREECE. By C. A. Fyffe, M.A., Fellow and late Tutor 
of University College, Oxford. With Five Maps. i8mo. is. 
"We give our unqualified praise to this little manual. 1 *— Schqo 

MASTER, 
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HISTORY PRIMERS Continued— 

EUROPEAN HISTORY. By E. A. Freeman, D.C.L., 
LL.D. With Maps. i8nio. is. 

" The work is always dear, and forms a luminous key to European 
history."-— School Board Chronicle. 

GREEK AN1IQUITIES. By the Rev. J. P. Mahaffy, 

M.A. Illustrated. i8mo. • is. 

M Atl that i$ necessary for the scholar to know is told so compactly yet 
so fully, and in a style so interesting, that it is impossible for even the 
dullest boy to look on this little work in the same light as he regards his 
other school books. " — Schoolmaster. 

CLASSICAL GEOGRAPHY. By H. F. Tozbr, M.A. 
i8mo. I j. 

"Another valuable aid to the study of the ancient world. ... It 
contains an enormous quantity of information packed into a small space, 
and at the same time communicated in a very readable shape,"— John 
Bull. 

GEOGRAPHY. By George Grove, D.C.L. With Maps. 
i8mo. is. 

"A model of what such a work should be .... we know of no short 
treatise better suited to infuse life and spirit into the dull lists of proper 
names of which our ordinary class-books so often almost exclusively 
consist."— Times. 

ROMAN ANTIQUITIES. By Professor Wilkins. Illus- 
trated. i8mo. ix. 

" A little book that throws a blase of light on Roman History, and 
is, moreover, intensely interesting.'* — School Board Chronicle. 

FRANCE. By Charlotte M. Yonge. i8mo. is. 

In preparation : — 
ENGLAND. By J. R. Green, M.A. 

MICHELET— A SUMMARY OP MODERN HISTORY. 
Translated from the French of M. Michelet, and continued 
to the Present Time, by M. C. M. Simpson. Globe 8vo. 
As. 6d. 

OTT& — SC AND IN A VIAN HISTORY. By E. C. Otte. 
With Maps. Globe 8vo. 6s. 

PAUI.I— PICTURES OP OLD ENGLAND. By Dr. R. 
Patjli. Translated with the sanction of the Author by 
E. C. Otte. Cheaper Edition. Crown 8vo. dr. 
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TA1T — ANAL YS1S OF ENGLISH HISTORY, based on 
Green's «« Short History of the English People." By C. W. A. 
Tait, M.A., Assistant Master, Clifton College. Crown 8vo. 
%s. 6d. 

WHEELER-// HISTORle OF INDIA. By J. Talboys ' 
Wheeler. Crown 8vo. [In the press. 

TONGS (CHARLOTTE M.) — A PARALLEL HISTORY OF 
FRANCE AND ENGLAND : consisting of Outlines and 
Dates. By Charlotte M. Yonge, Author of " The Heir 
of Redclyne," &c, &c. Oblong 4to. 64 

CAMEOS FROM ENGLISH HISTORY. — FROM 
ROLLO TO EDWARD II. By the Author of "The Heir 
of Redclyffe." Extra fcap. 8vo. New Edition. 5*. 

A SECOND SERIES OF CAMEOS FROM ENGLISH 
HISTORY—THE WARS IN FRANCE. New Edition. 
Extra fcap. 8vo. $s. 

A THIRD SERIES 01 CAMEOS FROM ENGLISH 
HISTORY— THE WARS OF THE ROSES. New Edition. 
Extra fcap. 8vo. £f. 

A FOUR TH SERIES. [In the press. 

EUROPEAN HISTORY. Narrated in a Series of 
Historical Selections from the Best Authorities. Edited and 
arranged by E. M. Sewell and C. M. Yonge. First Series, 
1003—1154. Third Edition. Crown 8vo. 6s. Second 
Series, 1088— 1228. New Edition. Crown 8vo. 6s. 



DIVINITY. 

• # # For other Works by these Authors, see Theological 
Catalogue. * 

Abbott (REV. B. A.)—BIBLE LESSONS. By the Rev. 
E. A. Abbott, D.D., Head Master of the City of London 
School. New Edition. Crown 8vo. 4s. 6d. 

" Wise, suggestive, and really profound initiation into religious thought r 
—-Guardian. 
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ARNOLDS BIBLE-HEADING FOR SCHOOLS— THE 
GREAT PROPHECY OF ISRAEL'S RESTORATION 
(Isaiah, Chapters xl. — lxvi.). Arranged and Edited for Young 
Learners. By Matthew Arnold, s D.C.L., formerly 
Professor of Poetry in the University of Oxford, and Fellow 
of Oriel. New Edition. i8mo. cloth, u. 

ISAIAH XL, — LXVI. With the Shorter Prophecies allied 
to it Arranged and Edited, with Notes, by Matthew 
Arnold. Crown 8vo. $s. 

GOLDEN TREASURY MALICE- Students' Edition. Being 
an Edition of "The Psalms Chronologically Arranged, by 
Fowr Friends," with briefer Jlotes. i8ma $s. 6d* 

GREEK TESTAMENT. Edited, with Introduction and Appen- 
dices, by Canon Wkstcott and Dr. F. J. A. Hort. Two 
Vols, Crown 8vo. [In the press. 

H ARDWI OK — Works by Archdeacon Hard wick. 

A HISTORY OF THE CHRISTIAN CHURCH. 
Middle Age. From Gregory the Great to the Excommuni- 
cation of Luther. Edited by William Stubbs, M.A., Regius 
Professor of Modern History in the University of Oxford. 
With Four Maps constructed for this work by A Keith John- 
ston. Fourth Edition. Crown 8vo. I or. 6d. 

A HISTORY OF THE CHRISTIAN CHURCH DURING 
THE REFORM A TION. Fourth Edition. Edited by Pro- 
fessor Stubbs. Crown 8vo. iqs* 6d. 

KINO-CHURCH HISTORY OF IRELAND. By the Rev. 
Robert King. New Edition. 2 vols. Crown 8vo. 

[In preparation. 

MAO I«BAR — Works by the Rev. G. F. Macular, D.D., Head 
Master of King's College School. 

A CLASS-BOOK OF OLD \ TESTAMENT HISTORY. 
New Edition, with Four Maps. iSmo. 4*. 6d. 

A class-boor: of new testament history, 

including the Connection of the Old and New Testament 
With Four Map. New Edition. .Wj,^, 
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MAG LEAR Continued— 

A SHILLING BOOK OF OLD TESTAMENT 
HISTORY, for National and Elementary Schools. With 
Map. i8mo. cloth. New Edition. 

A SHILLING BOOK OF NEW TESTAMENT 
HISTORY, for National and Elementary Schools. With 
Map. i8mo. cloth. New Edition. 

These works have been carefully abridged from the author's 
larger manuals. 

CLASS-BOOK OF THE CATECHISM OF THE 
CHURCH OF ENGLAND. New Edition. l8mo. doth. 
is. 6d. 

A FIRST CLASS-BOOK OF THE CATECHISM OF 
THE CHURCH OF ENGLAND, with Scripture Proofs, 
for Junior Classes and Schools. i8mo. 6V. New Edition. 

A MANUAL OF INSTRUCTION FOR CONFIRMA- 
TION AND FIRST COMMUNION: WITH PRA VERS 
AND DEVOTIONS. 32mo. cloth extra, red edges. 2s. 

M-CLELLAN- THE NEW TESTAMENT A New Trans- 
lation on the Basis of the Authorised Version, from a Critically 
revised Greek Text, with Analyses, copious References and 
Illustrations from original authorities, New Chronological 
and Analytical Harmony of the Four Gospels, Notes and Dis- 
sertations. A contribution to Christian' Evidence. By John 
Brown M'Clellan, M.A., late Fellow of Trinity College, 
Cambridge. In Two Vols Vol. I. — The Four Gospels with 
the Chronological and Analytical Harmony. 8vo. 30J. 

" One of the most remarkable productions of recent timss," says the 
Theological Review, " in this department of sacred literature ; ** and the 
British Quarterly Review terms it "a thesaurus of first-hand investiga- 
tions." 

MAURICE — THE LORD'S PRA YER, THE CREED, AND 
THE COMMANDMENTS, Manual for Parents and School- 
masters. To which is added the Order of the Scriptures. By the 
Rev. F. Denison Maurice, M.A. i8mo. cloth, limp. is. 
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PROCTERS HISTORY OF THE BOOK OB COMMON 
PR A YER, with a Rationale of its Offices. By Francis 
Procter, M.A. Thirteenth Edition, revised and enlarged. 
Crown 8va 10s. 6d. 

PROCTER AND MAC LEAR — AN ELEMENTARY INTRO- 
DUCTION TO THE BOOK OF COMMON PRAYER. 
Re-arranged and supplemented by an Explanation of the 
Morning and Evening Prayer and the Litany. By the 
Rev. F. Procter and the Rev. Dr. Maclear. New 
and Enlarged Edition, containing the Communion Service and 
the Confirmation and Baptismal Offices. i8mo. 2s. 6d* 

PSALMS OF DAVID CHRONOLOGICALLY ARRANGED. 
By Four Friends. An Amended Version, with Historical 
Introduction and Explanatory Notes. Second and Cheaper 
Edition, with Additions and Corrections. Cr. 8vo. 8j, 6d. 

RAMSAY — THE CA TEC HISER'S MANUAL; or, the Church 
Catechism Illustrated and Explained, for the Use of Clergy- 
men, Schoolmasters, and Teachers. By the Rev. Arthur 
Ramsay, M.A. New Edition. i8mo. is. 6d. 

SIMPSON — AN EPITOME OF THE HISTORY OF THE 
CHRISTIAN CHURCH. By William Simpson, M.A. 
New Edition. Fcap. 8vo. y. 6d. 

TRENCH— By R. C. TRENCH, D.D., Archbishop of Dublin. 
LECTURES ON MEDIEVAL CHURCH HISTORY. 
Being the substance of Lectures delivered at Queen's College, 
London. Second Edition, revised. 8vo. 12s. 
SYNONYMS OF THE NEW 7ESTAMENT. Eighth 
Edition, revised. 8vo. 12s. 

WBSTCOTT— Works by Brooke Foss Westcott, D.D., Canon 
of Peterborough. * 

A GENERAL SURVEY OF THE HISTORY OF THE 
CANON OF THE NEW TESTAMENT DURING THE 
FIRST FOUR CENTURIES. Fourth Edition. With 
Preface on "Supernatural Religion." Crown 8vo. ior. 6d. 

INTRODUCTION TO THE STUDY OF THE FOUR 



GOSPELS. Fifth Edition. 
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WESTCOTT Continued— 

THE BIBLE IN THE CHURCH. A Popular Account 
of the Collection and Reception of the Holy Scriptures in 
the Christian Churches. New Edition. i8mo. cloth. 
4s. 6d. 

THE GOSPEL OF THE RESURRECTION. Thoughts 
on its Relation to Reason and History. New Edition. 
Crown 8vo. 6j. 

WILSON — THE BIBLE STUDENTS GUIDE to the more 
Correct Understanding of the English Translation of the Old 
Testament, by reference to the original Hebrew. By William 
Wilson, D.D., Canon of Winchester, late Fellow of Queen's 
College, Oxford. Second Edition, carefully revised. 4to. 
cloth. 25;. 

YONGE (CHARLOTTE M.>— SCRIPTURE READINGS FOR 
SCHOOLS AND FAMILIES. By Charlotte M. Yonge, 
Author of "The Heir of Redclyffe." 

First Series. Genesis to Deuteronomy. Globe 8vo 
is. 6d. With Comments, y. 6d. 

Second Series. From Joshua to Solomon. Extra fcap. 
8vo. ij. 6d. With Comments, y. 6d. 

Third Series. The Kings and the Prophets. Extra fcap. 
8vo. is, 6d. With Comments, 31. 6d. 

Fourth Series. The Gospel Times, is. 6d. With 
Comments, extra fcap. 8vo., 3J. 6d. % 
Fifth Series. Apostolic Times. Extra fcap* 8vo. is, 6d. 
With Comments, jr. 6d. 

MISCELLANEOUS. 

Including works on English, French, and German Language ana 
Literature, Art Hand-books, <2rv., dr¥. 

ABBOTT — A SHAKESPEARIAN GRAMMAR. An Attempt 
to illustrate some of the Differences between Elizabethan and 
Modern English. By the Rev. E. A. Abbott, D.D., Head 
Master of the City of London School. New Edition. Extn» 
fcap.Svo. 6s. 
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ANDERSON — LINEAR PERSPECTIVE, AND MODEL 
DRA WING. A School and Art Class Manual, with Questions 
and Exercises for Examination, and Examples of Examination 
Papers. By Laurence Anderson. With Illustrations. 
Royal 8vo. 2s. 

BARKER— FIRST LESSONS IN THE PRINCIPLES OF 
COOKING. By Lady Barker, New Edition. i8mo. is. 

BEAUMAROHAI8 — LE BARRIER DE SE VILLE. Edited, 
with Introduction and Notes, by L. P. Blouet, Assistant 
Master in St. Paul's School. Fcap. 8vo. $s. 6d. 

BERNERB — FIRST LESSONS ON HEALTH. By J. Ber- 
ners. New Edition. i8mo. is. 

WUkXlBTQlX—THE TEACHER. Hints on School Manage- 
ment. A Handbook for Managers, Teachers' Assistants, and 
Pupil Teachers. By J. R. Blakiston, M.A. Crown 8vo. 
2s. 6d. 

" Into a comparatively small book he has crowded a great deal of ex- 
ceedingly useful and sound advice. It is a plain, common-sense book, 
full of hints to the teacher on the management of his school and his 
children.— School Board Chronicle. 

B RE YM. AN N — Works by Hermann Breymanw, Ph.D., Pro- 
fessor of Philology in the University of Munich. 
A FRENCH GRAMMAR BASED ON PHILOLOGICAL 
PRINCIPLES. Second Edition. Extra fcap. 8vo. 4s. 6d. 
FIRST FRENCH EXERCISE BOOK. Extra fcap. 8vo. 

SECOND FRENCH EXERCISE BOOK. Extra fcap. 8vo* 

2S. 6d. 

OALDBRWOOD— HANDBOOK OF MORAL PHILOSOPHY. 
By the Rev. Henry Calderwood, LL.D., Professor of 
Moral Philosophy, University of Edinburgh. Fifth Edition. 
Crown 8vo. 6s. 

DELlAMOTTR — A BEGINNER 'S DRAWING BOOK. By 
P. H. Dslamotte, F.S.A. Progressively arranged. New 
Edition improved. Crown 8vo. $s. 6d. 

SN6UBH WRITERS— Edited by JOHN RICHARD GREEN. 
Fcap. 8vo, Price is. 6d. each. 

MILTON. By the Rev. Stopford A. Brooke. 
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FAWCETT— TALES IN POLITICAL ECONOMY. By 
Millicent Garrett Fawcett. Globe 8vo. 3*. 

FCARON — SCHO OL INSPECTION By D. R. Fearon, 
M.A., Assistant Commissioner of Endowed Schools. Third 
Edition. Crown 8vo. 2s. 6d. 

GLADSTONE— SPELLING REFORM FROM AN EDU- 
CATIONAL POINT OF VIEW. By J. H. Gladstone, 
Ph.D., F.R.S., Member for the School Board for London. 
New Edition. Crown 8vo. is. 6d. 

GOLDSMITH — THE TRA VELLER, or a Prospect of Society ; 
and THE DESERTED VILLAGE. By Oliver Gold- 
smith. With Notes Philological and Explanatory, by J. W. 
Hales, M.a. Crown 8vo. 6d. 

GREE N — RE A DINGS FROM ENGLISH HISTORY. Se- 
lected and Edited by John Richard Green, M.A., LL»D., 
Honorary Fellow of Jesus College, Oxford. Three Parts. 
Globe 8vo. is. 6d. each. I. Hengist to Cressy, II. Cressy 
to Cromwell. III. Cromwell to Balaklava. 

HALES — L ONGER ENGLISH POEMS, with Notes, Philo- 
logical and Explanatory, and an Introduction on the Teaching 
of English. Chiefly for Use in Schools. Edited by J. W. 
Hales, M.A,, Professor of English Literature at King's 
College, London, &c. &c. New Edition. Extra fcap. 8vo. 
4J. 

HOLE — A GENEALOGICAL STEMMA OF THE KINGS 
OF ENGLAND AND FRANCE. By the Rev. C. Hole. 
On Sheet, is, 

JOHNSON'S LIVES OF THE POETS. The Six Chief Lives 
(Milton, Dryden, Swift, Addison, Pope, Gray), with Macaula/s 
"Life of Johnson." Edited with Preface by Matthew 
Arnold. Crown 8vo. 6s. 

LITERATURE PRIMERS — Edited by JOHN RICHARD GREEN, 
Author of "A Short History of the English People." 

ENGLISH GRAMMAR. By the Rev. R. Morris, LL.D., 
sometime President of the Philological Society. i8mo. 
cloth, is. 
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LITERATURE PRIMERS Continued— 

ENGLISH GRAMMAR EXERCISES. By R. Morris, 
LL.D., and H. C. Bowrn, M.A. i8mo. is. 

THE CHILDREN'S TREASURY OF LYRICAL 
POETRY. Selected and arranged with Notes by Francis 
Turner Palgrave. In Two Parts. i8mo. ix. each. 

ENGLISH LITERATURE. By the Rev. Stopford 
Brooke, M.A. New Edition. i8mo. is. 

PHILOLOGY. By J. Peile, M.A. i8mo. is. 

GREEK LITER A TURE. By Professor Jebb, M.A. i8mo. is. 

SHAKSPERE. By Professor Dowden. i8mo. u. 

HOMER. By the Right Hon. W. E. Gladstone, M.P. 
l8mo. is. 

ENGLISH COMPOSITION. By Professor Nichol. i8mo. 
is. 

In preparation 

LA TIN LITERA TURE. By Professor Seeley. 

HIS TOR Y OF 7 HE ENGLISH LANGUA GE. By 
J. A. H. Murray, LL.D. 

MACMILLAN'S COPY-BOOKS— 

Published in two sizes, viz. : — 

1. Large Post 4to. Price 4a. each. 

2. Post Oblong. Price 2a. each. 

*i. INITIATORY EXERCISES <Sr* SHORT LETTERS. 

# 2. WORDS CONSISTING OF SHORT LETTERS. 

•3. LONG LETTERS. With words containing Long 
Letters — Figures. 
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MACMILIiAN'S COPY-BOOKS Continued— 

*4. WORDS CONTAINING LONG LETTERS. 

4a. PRACTISING AND REVISING COPY-BOOK. For 
Nos. 1 to 4. 

•5. CAPITALS AND SHORT HALF-7EXi. Words 
beginning with a Capital. 

*6. HALF- TEXT WORDS, beginning with a Capital— 
figures. 

•7. SMALL-HAND AND HALF-TEXT. With Capitals 
and Figures. 

*8. SMALL-HAND AND HALF-TEXT. .With Capitals 
and Figures. 

8a. PRACTISING AND REVISING COPY-BOOK. For 
Nos. 5 to 8. 

•9. SMALL-HAND SINGLE HEADLINES— Figure 
10. SMALL-HAND SINGLE HEADLINES— Figures. 
# ii. SMALL-HAND DOUBLE HEADLINES— Figures. 

12. COMMERCIAL AND ARITHMETICAL EX- 
AMPLES, &>c. • 

12a. PRACTISING AND REVISING COPY-BOOK. For 
Nos. 8 to 12. 

* These numbers may be had with Goodmans Patent Sliding 
. Copies. Large Post 4to. Price 6d. each. 

By a simple device the copies, which are printed upon separate 
slips, are arranged with a movable attachment, by which they 
are adjusted so as to be directly before the eye of the pupil at 
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MACMXUAN'S COPY-BOOKS Continued— 

all points of his progress. It enables him, also, to keep his 
own faults concealed, with perfect models constantly in view 
for imitation. Every experienced teacher knows the advantage 
of the slip copy, but its practical application has never before 
been successfully accomplished. This feature is secured ex- 
clusively to Macmillan's Copy-books under Goodman's patent. 

An inspection of books written on the old plan, with copies 
at the head of the page, will show that the lines last written at 
the bottom are almost invariably the poorest. The copy has 
been too far from the pupil's eye to be of any practical#use, 
and a repetition and exaggeration of his errors have been the 
result. 

MACMILLAN'S PROGRESSIVE FRENCH COURSE— By 

G. Eugene-Fasnacht, Senior Master of Modern Languages, 
Harpur Foundation Modern School, Bedford. 

I. — First Year, containing Easy Lessons on the Regular Ac- 
cidence. Extra fcap. 8vo. u. 

II. — Second Year, containing Conversational Lessons on 
Systematic Accidence and Elementary Syntax. With Philo- 
logical Illustrations and Etymological Vocabulary. I s. 6d. 

MAcnmujurs progressive oerbian course— By 

G. Eugene Fasnacht. 

Part I. — First Year. Easy Lessons and Rules on the Regular 
Accidence. Extra fcap. 8vo. is.'6d. 

Part II. — Second Year. Conversational Lessons in Sys- 
tematic Accidence and Elementary Syntax. With Philological 
Illustrations and Etymological Vocabulary. Extra fcap. 1 
8vo. 2s. I 

i 

MARTIN — THE POET'S HOUR: Poetry selected and J 
arranged for Children. By Frances Martin. Third 
Edition. i8mo. 2s. 6d. 

SPRING-TIME WITH THE POETS: Poetry selected by 
Frances Martin. Second Edition. i8mo. 31. 6d. 
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MABSON (QUSTAVE) — A COMPENDIOUS DICTIONARY 
OF THE FRENCH LANGUAGE (French-English and 
English-French). Followed by a List of the Principal Di- 
verging Derivations, and preceded by Chronological and 
Historical Tables. By Gustavb Masson, Assistant-Master 
and Librarian, Harrow SchooL Fourth Edition. Crown 8vo. 
half-bound, dr. 

MOLIERE — L E MALADE IMA GIN AIRE. Edited, with 
Introduction and Notes, by Francis Tarver, M.A., Assistant- 
Master at Eton. Fcap. 8vo. [In preparation* 

MORRIS — Works by the Rev, R. MORRIS, LL.D., Lecturer 
on English Language and Literature in King's College 
School. 

HISTORICAL OUTLINES OF ENGLISH ACCIDENCE, 
comprising Chapters on the History and Development of the 
Language, and on Word-formation. New Edition. Extra 
.fcap. 8vo. 6s. 

ELEMENTARY LESSONS IN HISTORICAL 
ENGLISH GRAMMAR, containing Accidence and Word- 
formation. New Edition. i8mo. 2s. 6d. 

PRIMER OF ENGLISH GRAMMAR. i8mo. is. 
NICOIr-HISTORY OF THE FRENCH LANGUAGE, 
with especial reference to the French element in English. By 
Henry Nicol, Member of the Philological Society. 



OXil PHANT — THE OLD AND MIDDLE ENGLISH A 
New Edition of " THE SOURCES OF STANDARD 
ENGLISH" revised and greatly enlarged. By T. Kington 
Ouphant. Extra fcap. 8vo. 9*. 

PAL GRAVE — THE CHILDREN* S TREASURY OF 
LYRICAL POETRY. Selected and Arranged with Notes 
by Francis Turner Palgrave. i8mo. 2s. td. Also in 
Two parts. i8mo. is. each. 

PLUTARCH — Being a Selection from the Lives which Illustrate 
Shakespeare. North's Translation. Edited, with Intro- 
ductions, Notes, Index of Names, and Glossarial Index, by 
the Rev, W. W. Skeat, M.A. Crown 8vo. $s. 



[In preparation. 




SO MACMILLAN'S EDUCATIONAL CATALOGUE. 



PYLODET — NEW GUIDE TO GERMAN CONVERSA- 
TION: containing an Alphabetical List of nearly 800 Familiar 
Words followed by Exercises, Vocabulary of Words in frequent 
use ; Familiar Phrases and Dialogues ; a Sketch of German 
Literature, Idiomatic Expressions, &c. By L. Pylodet. 
l8mo. cloth limp. zs. 6d. 

A SYNOPSIS OF GERMAN GRAMMAR. From the 
above. i8mo. 6d. 

ft&ADXNO BOOKS— Adapted to the English and Scotch Codes. 
Bound in Cloth. 

PRIMER. i8mo. (48 pp.) 2d. 

BOOK I. for Standard I. iSmo. (96 pp.) qi. 

n II. „ II. i8mo. (144PP.) 5^. 

„ III. M III. i8moi (160 pp.) 6d. 

„ IV. „ IV. i8mo. (176 pp.) 8tf. 

„ V. „ . V. i8mo. (380 pp.) is. 

ff VI. „ VI. Crown 8vo. (430 pp.) 2s. 

Book VI. is fitted for higher Classes, and as an Introduction to 

English Literature. 

"They are far above any other* that have appeared both in form and 
substance. . . . The editor of the present series has rightly seen that 
reading books must 'aim chiefly at giving to the pupils the power of 
accurate, and, if possible, apt and skilful expression ; at cultivating in 
them a good literary taste, and at arousing a desire of further reading. 
This is done by taking care to select the extracts from true English classics, 
going up in Standard VI. course to Chaucer, Hooker, and Bacon, as well 
as Wordsworth, Macaulay, and Froude. . . . This is quite on the right 
track, and indicates justly the ideal which we ought to set before us." — 
Guardian. 

8HAKEBFEABE — A SHAKESPEARE MANUAL. ByF.G. 
Fleay, M.A., late Head Master of Skipton Grammar School. 
Second Edition. Extra fcap. 8vo. 4s. 6d. 

AN ATTEMPT TO DETERMINE THE CHRONO- 
LOGICAL ORDER OF SHAKESPEARE'S PLAYS. 
By the Rev. H. Paine Stokes, B.A. Extra fcap. 8va 

THE TEMPEST. With Glossarial and Explanatory Notes. 
By the Rev. J. M. Jephsok. Second Edition. i8mo. is. 
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SONNENSCHEIN and MSIKLBJOHN — THE ENGLISH 
METHOD OF TEACHING TO READ. By A.. Son- 
nenschein and J. M. D. Meiklejohn, M. A. Fcap. 8vo. 

COMPRISING : 

THE NURSERY BOOK, containing all the Two-Letter 
Words in the Language, id. (Also in Large Type on 
Sheets for School Walls. 5*.) 

• 

THE FIRST COURSE, consisting of Sfcort Vowels with 
Single Consonants. 6d. 

THE SECOND COURSE, with Combinations and Bridges, 
consisting of Short Vowels with Double Consonants. 6d. 

THE THIRD AND FOURTH COURSES, consisting of 
Long Vowels, and all the Double Vowels in the Language. 
6d. 

" These are admirable books, because they are constructed on a prin- 
ciple, and that the simplest principle on which it is possible to learn to read 
English. ' — Spectator. 

TANNER — FIRST PRINCIPLES OF A GRICUL TURE. By 
H. Tanner, F.C.S., Professor of Agricultural Science, 
University College, Aberystwith, &c. i8mo. is. 

TAYLOR — WORDS AND PLACES; or, Etymological Illus- 
trations of History, Ethnology, and Geography. By the Rev. 
Isaac Taylor, M.A. Third and cheaper Edition, revised 
and compressed. With Maps. Globe 8vo. 6j. 

A HISTORY OF THE ALPHABET. By the same 
Author. [In preparation. 

TAYIfOR — A PRIMER OF PIANOFORTE PLA YING. By 
Franklin Taylor. Edited by George Grove. i8mo. isl 

TEOETMEIER — HOUSEHOLD MANAGEMENT AND 
COOKERY. With an Appendix of Recipes used by the 
Teachers of the National School of Cookery. By W. B. 
Tegrtmeier. Compiled at the request of the School Board 
for London. i8mo. is. 
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TRftINd — Works by Edward Thring, M. A., Head Master of 
Uppingham. 

THE ELEMENTS OF GRAMMAR TAUGHT IN 
ENGLISH. With Questions. Fourth Edition. i8mo. zs. 

THE CHILD'S GRAMMAR. Being the Substance of 
•'The Elements of Grammar taught in English," adapted for 
the Use of Junior Classes. A New Edition. iSmo. is. 

SCHOOL SONGS. A Collection of Songs for Schools. 
With the Music arranged for four Voices. Edited by the 
Rev. E. Thring and H. Riccius. Folio, p. 6d. 

TRENCH (ARCHBISHOP)— Works by R. C. TRENCH, D.D., 
Archbishop of Dublin. 

HOUSEHOLD BOOK OF ENGLISH POETR Y. Selected 
and Arranged, with Notes. Third Edition. Extra fcap. 8vo. 
5*. 

ON THE STUDY OF WORDS. Lectures addressed 
(originally) to the Pupils at the Diocesan Training School, 
Winchester. Seventeenth Edition, revised. Fcap. 8vo. $s. 

ENGLISH, PAST AND PRESENT. Tenth Edition, 
revised and improved. Fcap. 8vo. 5.?. 

A SELECT GLOSSARY OF ENGLISH WORDS, used 
formerly in Senses Different from their Present. Fcap. 
8vo. 4j. 6d. [New Edition in the press. 

VAUGHAN CO. M.)- WORDS FROM THE POETS. By 
C. M. Vaughan. Eighth Edition. i8mo. cloth, is. 

WEIR — HARRISON WEIR'S DRAWING COPY-BOOKS. 
Oblong 4to. L Animals. [/* preparation. 

WHITNEY— Works by William D. Whitnky, Professor of 
Sanskrit and Instructor in Modern Languages in Yale College ; 
first President of the American Philological Association, and 
hon. member of the Royal Asiatic Society of Great Britain and 
Ireland ; and Correspondent of the Berlin Academy of Sciences. | 

A COMPENDIOUS GERMAN GRAMMAR. Crown , 
8vo. 4,. 6d. I 

I 
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WHITNEY Continued— 

A GERMAN READER /A PROSE AND VERSE, with 
Notes and Vocabulary. Crown 8vo. $s. 

WRIGHT— THE SCHOOL COOKERY BOOK, Compiled 
and Edited by C. E. Guthrie Wright, Hon. Sec. to the 
Edinburgh School of Cookery. i8mo. is. 

Sir T. D. Acland, Bait, says of this book:— "I think the "School 
Cookery Book " the best cheap manual which I have seen on the subject. 
I hope teachers will welcome it. But it seems to me likely to be even 
more useful for domestic purposes in all ranks short of those served by 
professed cooks. The receipts are numerous and precise, the explana- 
tion of principles clear. The chapters on the adaptation of food to 
varying circumstances, age, climate, employment, health, and on infants* 
food, seem to me excellent.'* 

WHITNEY AND EDGREN — A COMPENDIOUS GERMAN 
AND ENGLISH DICTIONARY, with Notation of Cor- 
respondences and Brief Etytaologies. By Professor W. D. 
Whitney, assisted by A. H. Edgren. Crown 8vo. p. 6d. 

THE GERMAN-ENGLISH PART, separately, 5* 

YON6E (CHARLOTTE M.) — THE ABRIDGED BOOK OF 
GOLDEN DEEDS. A Reading Book for Schools and 
general readers. By the Author of "The Heir of Red- 
clyffe." i8mo. cloth, is. 
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MACMILLAN'S 

GLOBE LIBRARY. 

Beautifully printed on toned paper, price 6d. each. Also kept 
in various morocco and calf bindings, at moderate prices. 

The Saturday Review says : — " The Globe Editions are admirable 
for their scholarly editing, their typographical excellence, their 
compendious form, and their cheapness. 

The Daily Telegraph calls it " a series yet un rivalled! or its com- 
bination of excellence and cheapness." 

SHAKESPEARE S COMPLETE WORKS. Edited by W. G. 
Clark, M.A., and W. Aldis Wright, M.A. With Glossary. 

MORTE L? ARTHUR. Sir Thomas Malory's Book of King 
Arthur and of his Noble Knights of the Round Table. The 
Edition of Caxton, revised for Modern Use. With an Intro- 
duction, Notes, and Glossary, by Sir Edward Strachry. 

BURNS S COMPLETE WORKS: the Poems, Songs, and 
Letters. Edited, with Glossarial Index and Biographical 
Memoir, by Alexander Smith. 

ROBINSON CRUSOE. Edited after the Original Editions, with 
Biographical Introduction, by Henry Kingsley. 

SCOTT'S POETICAL WORKS. With Biographical and Critical 
Essay, by Francis Turner Palgrave. 

GOLDSMITH'S MISCELLANEOUS WORKS. With Bio- 
graphical Introduction by Professor Masson. 

SPENCEKS COMPLETE WORKS. Edited, with Glossary, 
by R. Morris, and Memoir by J. W. Hales. 

POPE'S POETICAL WORKS. Edited, with Notes and Intro- 
ductory Memoir, by Professor Ward. 

DR YD EN'S POETICAL WORKS. Edited, with a Revised 
Text and Notes, by W. D. Christie, M.A., Trinity College, 
Cambridge. 

COWPER'S POETICAL WORKS. Edited, with Notes and 
Biographical Introduction, by W. Ben ham. 

VIRGIL'S ■ WORKS Rendered into English Prose. With Intro- 
ductions, Notes, Analysis, and Index, by J. Lonsdale, M.A., 
and S. Lee, M.A. 

H OR A CE. Rendered into English Prose. With running Analysis, 
Introduction, and Notes, by J. Lonsdale, M.A., and S. Lee, 
'M.A. 

HIL TON'S POETICAL WORKS. Edited, with Introductions, 
&c, by Professor MASSON. 
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Published every Thursday, price 6a\ ; Monthly parts, 
2s. and 2s. 6d., Half-lteany Volumes, i$s. 



AN ILLUSTRATED JOURNAL OF SCIENCE. 

Nature expounds in a popular and yet authentic 
manner, the Grand Results of Scientific Research, 
discussing the most recent scientific discoveries, and 
pointing out the bearing of Science upon civilisation 
and progress, and its claims fo a more general recog- 
nition, as well as to a higher place in the educational 
system of the country. 

It contains original articles on all subjects within the 
domain of Science ; Reviews setting forth the nature and 
value of recent Scientific Works; Correspondence 
Columns, forming a medium of Scientific discussion and 
of intercommunication among the most distinguished 
men of Science ; Serial Columns, giving the gist of the 
most important papers appearing in Scientific Journals, 
both Home and Foreign; Transactions of the prin- 
cipal Scientific Societies and Academies of the World, 
Notes, &c. 

In Schools where Science is included in the regular 
course of studies, this paper will be most acceptable, as 
it tells what is doing in Science all over the world, is 
popular without lowering the standard of Science, and by 
it a vast amount of information is, brought within a small 
compass, and students are directed to the best sources 
for what they need. The various questions connected 
with Science teaching in schools are also fully discussed, 
and the best methods of teaching are indicated. 
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